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Abstract 



Nucleic acid molecules are described encoding a starch granule- 
bound protein as well as methods and recombinant DNA moleculeu 
for the production of cransgenic plant cells and plants 
syntV.e8i2ing a modified starch with modified viscosity 
properties and a modified phosphate content. Moreover, the 
plant cells and plants resulting from those methods as well as 
the starch obtainable therefrom are described. 
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Plants which »ynth«aiza a nodifiad starch, procsss for the 

production thersof and modifisd starch 

The present invention relates to nucleic acid molecules 
encoding a starch granule-bound protein as well as to tnetliods 
and recombinant DNA molecules for the production of transgenic 
plant cells and plants synthesizing a modified starch with 
modified properties of viscosity and a modified phosphate 
content- The invention also relates to the transgenic plant 
cells and plants resulting from these methods and to the starch 
obtainable from the transgenic plant cells and plants. 

The polysaccharide starch, which constitutes one of the most 
important storage substances in plants, is not only used in the 
area of foodstuffs but also plays a significant role as a 
regenerative material in the manufacturing of industrial 
products. In order to enable the use of this raw material in as 
many areas as possible, it is necessary to obtain a large 
variety of substances as well as to adapt these substances to 
the varying demands of the processing industry. 

Although starch consists of a chemically horaoganeous basic 
component, namely glucose, it does not constitute a homogeneous 
raw material. It is rather a coiT>plex mixture cf various types 
of molecules which differ from each other in their degree of 
polymerisation and in the degree of branching of the glucose 
chains. One differentiates particularly between amylooe- starch, 
a basically non-branched polymer made up of a-1,4- 
glycoaidically branched glucose molecules, and amylopectin- 
starch which in turn is a mixture of more or less heavily 



1 



CA 02231774 19^»-03-ll 



branched glucose chains. The branching results from the 
occurrence of a-1, 6-glycosidic interlinkings . 

The molecular structure of starch which ie mainly d t rmined by 
its degree of branching, the amylose/amylopectin ratio, the 
average chain-length and the occurrence of phosphate groups is 
significant for important functional properties of starcn or, 
respectively. its aqueous solutions. Important functional 
properties are for example solubility of the starch, tendency 
to retrogradation, capability of film formation, viscosity, 
colour stability, pastif ication properties, i.e. binding and 
gluing properties, as well as cold resistance. The starch 
granule size may also be significant for the various uses. The 
production of starch with a high amylose content is 
particularly significant. Furthermore, modified starch 
contained in plant cells may. under certain conditions, 
favorably alter the behavior of the plant cell. For example, it 
would be possible to decrease the starch degradation during the 
storage of the starch-containing organs such as seeds and 
tubers prior to their further processing by. for example, 
starch extraction. Moreover. there is some interest in 
producing modified starches which would render plant cells and 
plant organs containing this starch more suitable for further 
processinc. such as for the production of popcorn or corn 
flakes from potato or of French fries, crisps or potato powder 
from potatoes. There is a particular interest in improving the 
starches in such a way, that they show a reduced -cold 
sweetening", i.e. a decreased release of reduced sugars 
(especially glucose) during long-term storage at low 
temperatures. Specifically potatoes are often stored at 
temperatures of 4-8- C in order to minimize the degradation of 
starch during storage. The reducing sugars released thereby in 
particular glucose, lead to undesired browning reactions (so- 
called Maillard reactions) in the production of French fries 

and crisps. j, ^ ^ ^ 

Sta-ch which can be isolated from plants is often adapted to 
certain industrial purposes by means of chemical modifications 
which are usually time-consuming and expensive. Therefore it is 
desirable to find possibilities to produce plants synthesiring 
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a starch the properties of which already meet the demands of 
the processing industry. 

conventional methods for producing ouch plants are classical 
breeding methods and the production of mutants. Thus, for 
example, a mutant was produced from maize synthaaizing starch 
with an altered viscosity (US patent specification 5,331,108) 
and a maize variety (waxy maize) was established by means of 
breeding the starch of which consists of almost 100% 
amylopectin (Akasuka and Nelson, J. Biol. Chem. 241 (l.<>66) , 
2280-2285) . Furthermore, mutants of potato and pea have been 
described which synthesize starches with a high amylcee content 
(70% in maize or up to 50% in pea) . These mutants have so far 
not been characterized on the molecular level and therefore do 
not allow for the production of corresponding mutants in other 
starch- storing plants. 

Alternatively, plants synthesizing starch with altered 
properties may be produced by means of recombinant DMA 
techniques. In various cases, for example, the recombinant 
modification of potato plants aiming at altering the starch 
synthesized in these plants has been described (e.g. 
WO 92/11376; WO 92/14827) . However, in order to maJce use of 
recombinant DNA techniques, DNA sequences are required the gene 
products of which influence starch synthesis, starch 
modification or starch degradation. 

Therefore, the problem underlying the present invention is to 
provide nucleic acid molecules and methods whJ.ch allow for the 
alteration of plants in such a way, that they syntheaise a 
starch which differs from starch naturally synthesized in 
plants with respect to its physical and/or chemical properties, 
in particular a highly amylose-containing starch, and is 
therefore more suitable for general and/or particular uses. 

This problem is solved by the provision of the embodiments 
described in the claims. 

Therefore, the present invention relates to nucleic acid 
molecules encoding a protein with the amino acid sequence 
indicat d in Scq ID Nc. 2. Such proteins are present in the 
plastids of plant cells, bound to starch granules as well .as in 
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free, i.e. solxible form. During the expression of E.coli, the 
enzyme activity of such proteins leads to an increased 
phoephorylation of the glycogen synthesized within the cells. 
The molecular weight of these proteins lies within the range of 
140-160 kD if it is assessed by means of a SDS gel 
electrophoresis . 

The present invention further relates to nucleic acid molecules 
comprising a sequence with the nucleotide sequence indicated in 
Seq ID No. 1, particularly the coding region indicated in Seq 
ID No. 1. 

Nucleic acid molecules encoding a protein from potato, which in 
the plastids of the cells is partly granule -bound, and 
hybridizing to the above-mentioned nucleic acid molecules of 
the invention or their complementary strand are also the 
subject matter of the present invention. In this context the 
term "hybridization" signifies hybridization under conventional 
hybridizing conditions, preferably under stringent conditions 
as described for axan^le in Sarabrook et al,. Molecular Cloning, 
A i>aboratory Manual, 2"^ Edition (1989) Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY) . These nucleic acid 
molecules hybridizing with the nucleic acid molecules of the 
invention may principally be derived from any desired organism 
(i.e. prokaryotes or eukaryotes, in particular from bacteria, 
fungi, alga, plants or animal orgamisms) comprising such 
nucleic acid molecules. They are preferad^ly derived from 
monocotyledonoufl or dicotyledonous plants, particularly from 
useful plauits, and particularly preferred from starch-storing 
plants. 

Nucleic acid molecules hybridizing to the molecules according 
to the invention may be isolated e.g. from genomic or from cDNA 
libraries of various organisms. 

Thereby, the identification and isolation of such nucleic acid 
molecules may take place by using the molecules according to 
the Invention or parts of these molecules or, as tha case may 
be, the reverse complement strands of these moleculeti, e.g. by 
hybridization according to stauid&rd methods (see e.g. Sambrook 
et al., 1989, Molecular Cloning, A Laboratory Manual, 2nd 
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Editicn, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY) . 

As a probe for hybridir^at ion e.g. nucleic acid molecules may be 
used which iexactly or basically contain the nucleotide sequence 
indicated under Seq ID No. 1 or parts thereof. The DNA 
fragments used as hybridization probe may also be synthetic DNA 
fragments which were produced by iiteans of the conventional DNA 
synthesizing methods and the sequence of which is basically 
identical wj ch that of a nucleic acid molecule of the 
invention. After identifying and isolating genes hybridizing to 
the nucleic acid sequences according to the invention, the 
sequence has to be determined and the properties of the 
proteins encoded by this sequence have to be analyzed. 

Furthermore, the present invention relates to nucleic acid 
molecules the sequences of which, compared to the seq^^ences of 
the eibovt* -mentioned molecules, are degenerated due to the 
genetic code and which encode a protein which in the plastids 
of plant cells is partly granule -bound. 

Fragments, derivatives and allelic variants of the above- 
mentioned nucleic acid molecules, which encode the above- 
mentioned protein are also the siobject matter of the present 
invention. Thereby,- fragments are described as parts of the 
nucleic acid moleculer which are long enough in order to encode 
the adKJve -described protein. In this context, the term 
derivative signifies that the sequences of these molecules 
differ from the sequences of the above -ment:.oned nucleic acid 
molecules at one or more positions and exhibit a high degree of 
homology to the secjuences of these molecules. Hereby, honoloqy 
means a seq[uence identity of at least 40%, in particular an 
identity of at least 60%, preferably of more than 80* and iitill 
more preferably a sequence identity of more than 90%. The 
deviations occurring when comparing with ttie above -described 
nucleic acid molecules might hasre been caused by deletion, 
substitution, insertion or recombination. 

Moreover, homology means that functional and/or structural 
equivalence exists between tlie respective nucleic acid 
molecules or the proteins the/ encode. The nucleic acid 
molecules, which are homologous to the atbove-tlescribed nucleic 
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acid mol cules and represent derivatives of these molecules, 
are generally variations of these nucleic acid molecules, that 
constitute modifications which exert the same biological 
function. These variations may be naturally occurring 
variations, for example sequences from different organisms, or 
mutations, whereby these mutations may have occurred naturally 
or they Tnay have been introduced deliberately. Moreover the 
variations may be synthetically produced sequences. 
The allelic variants may be naturally occurring as well as 
synthetically produced variants or variants produced by 
recombinant DNA techniques . 

The proteins encoded by the various variants of the nucleic 
acid molecules according to the invention exhibit certain 
common characteristics. Enzyme activity, molecular weight, 
immunologic reactivity, conformation etc, may belong to these 
characteristics as well as physical properties such as the 
mobility in gel electrophoresis, chromatographic 

characteristics , sedimentation coefficients , solubility, 
spectroscopic properties, stability, pH-optimum, temperature- 
optimum etc. 

The nucleic acid molecules of the invention may principally be 
derived from any organism expressing the described proteins. 
They are preferably derived from plants, in particular from 
starch-syn-hesizing or starch- storing plants. Cereals (such as 
barley, rye, oats, wheat etc.), maize, rice, pea, cassava, 
potato etc. are particularly preferred. They can also be 
produced by means of synthesis methods known to the skilled 
person. 

The nucleic acid molecules of the invention may be DNA 
molecules, such as cDNA or genomic DHA, as well as RMA 
molecules. 

Furthermore, the invention relates to vectors, especially 
plaamids, cosmidA, viruses, bacteriophages and other vectors 
coflsnon in genetic engineering, which contain the above- 
mentioned nucleic acid molecules of the invention. 
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In a preferred embodiment the nucleic acid molecules contained 
in the vectors are linked to regulatory elements that ensure 
the transcription and synthesis of a translatable RNA in. 
prokaryotic and eukaryotic cells. 

In a further embodiment the invention relates to host cells, in 
particular prokaryotic or eukaryotic cells, which have been 
transformed and/or recombinant ly manipulated by an above- 
mentioned nucleic acid molecule of the invention or by a vector 
of the invention, as well as cells derived from such cells and 
containing a nucleic acid molecule of the invention or a vector 
of the invention. This is preferably a bacterxal cell or a 
plant cell. 

It was now found that the protein encoded by the nucleic acid 
molecules of the invention influences the starch synthesis or 
modification and that changes in the amount of the protein in 
plant cells lead to changes in the starch metabolism of the 
plant, especially to the s>Tithesie of starch with modified 
physical and chemical properties. 

By providing the nucleic acid molecules of the invention it is 
possible to produce plants by means of recombinant DNA 
techniques synthesizing a modified starch which differs from 
the starch synthesized in wildtype plants with respect to its 
structure and its physical and chemical properties. For this 
purpose, the nucleic acid molecules of the invention are linked 
to regxilatory elements, which ensure the transcription and 
translation in plant cells, and they are introduced into the 
plant cells. 

Therefore, the present invention also relates to transgenic 
plant cells containing a -lucleic acid molecule of the invention 
whereby the same is linked to regulatory elements which ensure 
the transcription in plant cells. The regulatory elements are 
preferably heterologous with respect to the nucleic acid 
molecule . 

3y moans of methods known to th<* skilled person the transgenic 
plant cells can be regenerated to whole plants. The plants 
obtainaJ^le by regenerating the trancgenic plant cells of the 
invention are also the subject-matter of the present invention. 
A further subject-matter of the invention are plants ^which 
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contain the above -described transgenic plant cells. The 
transgenic plants may in principle be plants of any desired 
species, i.e. they may be rnonccotyledonous as well as 
dicotyledonous plants. These are preferably useful plants, in 
particular starch-storing plants such as cereals (rye, barley, 
oats, wheat etc.). rice, maize, peas, cassava and potatoes. 

Due to the expression or the additional expression of a nucleic 
acid molecule of the invention, the transgenic plant cells and 
plants of the invention synthesize a starch which is modified 
when compared to starch from wildtype-plants, i.e. non- 
transformed plants, particularly with respect to the viscosity 
of aqueous solutions of this starch and/or to the phosphate 
content. The latter is generally increased in the starch of 
transgenic plant cells or plants, this altering the physical 
properties of the starch. 

Therefore, the starch obtainable from the transgenic plant 
cells and plants of the invention is also the subject-matter of 
the present invention. 

A further subject-matter of tha present invention is a method 
for the production of a protein which is present in plant cells 
in granule-bound form as well as in soluble from, in which host 
cells of the invention are cultivated under conditions that 
allow for the expression of the protein and in which the 
protein is then isolated from the cultivated cells and/or the 
culture medium. 

Furthermore, the invention relates to proteins encoded by the 
nucleic acid molecules of the invention as well as to proteins 
obtainable by the above -described method. These are preferably 
proteins encoded by nuclear genes and which are localized in 
the plastids. in the plastids these enzymes are present in 
granule-bound as well as in free form. In an SDS gel 
electrophoresis, the respective proteins from Solanum tuberosum 
exhibit a molecular weight of 140-160 kD and, during the 
expression of E.coli. lead to an increased phosphorylation of 
th glycogen synthesized within the cells. 
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A further subject-matter of the invention are antibodies which 
specifically recognize a protein of the invention. These may be 
monoclonal as well as polyclonal antibodies. 

Furthennore, the present invention relates to nucleic acid 
molecules specifically hybridizing with a nucleic acid molecule 
of the invention and exhibiting a lei;gth of at least 15 
nucleotides. In this context specifically hybridizing signifies 
that under conventional hybridization conditions, preferably 
under stringent conditions, cross-hybridization with sequences 
encoding other proteins does not significantly occur. Such 
nucleic acid molecules preferably have a length of at least 20, 
more preferably s length of at least 50 and most preferably a 
length of at least 100 nucleotides. Such molecules can be used, 
for example, as PGR primers, as hybridization probes or as DNA 
molecules which encode antisense RNA. 

Furthermore, it was found that it is possible to influence the 
properties of the starch synthesized in plant cells by reducing 
the amount of proteins encoded by the nucleic acid molecules 
according to the invention in the cells. This reduction may be 
effected, for example, by means of antisense expression of the 
nucleic acid molecules of the invention, expression of suitable 
ribozymes or cosuppression. 

Therefore, DNA molecules encoding an antisense RNA which is 
complementary to transcripts of a DNA molecule of the invention 
are also the subject-matter of the present invention, as well 
as these antisense molecules. Thereby, complementary does not 
signify that the encoded RNA has to be 100% complementary. A 
low degree of complementarity ia sufficient, as Icng as it is 
high enough in order to inhibit the expression of a protein of 
the invention upon expression in plant cells. The transcribed 
RNA is preferably at least 90% auid most preferaJbly at least 95% 
complementary to the transcript of the nucleic acid molecule of 
the invention. In order to cause an auitisense-ef f ect during the 
trsmscription in plant cells such DMA molecules have a length 
of at least 15 bp, preferably a length of more than 100 bp and 
most pr ferably a 1 ngth of more than 500 bp, however, usually 
less than 5000 bp, preferably shorter than 2500 bp. 
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The invention further relates to DNA molecules which, during 
expression in plant cells, lead to the synthesis of an RNA 
which in the plamt cells due to a cosupression-ef f ect reduces 
the expression of the nucleic acid molecules of the invention 
encoding the described protein. The principle of the 
cosupression as well as the production of corresponding DNA 
sequences is precisely described, for example, in WO 90/12084. 
Such DNA molecules preferably encode a RNA having a high degree 
of homology to transcripts of the nucleic acid molecules of the 
invention. I' is, however, not absolutely necessary that the 
coding RNA is translatable into a protein. 

In a further embodiment the present invention relates to DNA 
molecules encoding an RNA molecule with ribozyme activity which 
specifically cleaves transcripts of a DNA molecule of the 
invention as well as these encoded RNA molecules. 
Ribozymes are catalytically active RNA molecules capabl« of 
cleaving RNA molecules and specific target sequences. By means 
of recombinant DNA techniques it is possible to alter the 
specificity of ribozymes. There are various classes of 
ribozymes. For practical applications aiming at the specific 
cleavage of the transcript of a certain gene, use is preferably 
made of representatives of two different groups of ribozymes. 
The first group is made up of ribozymes which belong to the 
group I intron ribozyme type. The second group consists of 
ribozymes which as a characteristic structural feature exhibit 
the so-called "hammerhead" motif. The specific recognition of 
the target RNA molecule may ba modified by altering the 
sequences flaoiking this motif. By base pairing with sequences 
in the target molecule these secjuences determine the position 
at which the catalytic reaction and therefore the cleavage of 
the target molecule takes place. Since the sequence 
requirements for an efficient cleavage are extremely low, it is 
in principle possible to develop specific ribozymes for 
practically each desired RNA molecule. 

In order to produce DNA molecules encoding a ribozyme which 
specifically cleaves transcripts of a DNA molecule of the 
invention, for exanqple a DNA sequence encoding a catalytic 
domain of a ribozyme is bilaterally linked with DNA sequences 
which are homologous to sequences of the target enzyme, 
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Sequences encoding the catalytic domain may for example be the 
catalytic domain of the satellite DNA of the SCMo virus (Davi s 
et al.. Virology 177 (1990), 216-224) or that of the satellite 
DNA of the TobR virus (Steinecke et al . , EMBO J. 11 (1992), 
1525-1530; Haseloff and Gerlach, Nature 334 (1988), 585-551). 
The DNA sequences flanJcing the catalytic domain are preferably 
derived from the above-describad DNA mole iles of the 
invention . 

In a further embodiment the present invention relates to 
vectors containing the above-described DNA molecules, in 
particular those in which the described DNA moleculec are 
linked with regulatory elements ensuring the transcript r'.on in 
plant cells . 

Furthermore, the present invention relates to host cells 
containing the described DNA molecules or vectors. The host 
cell may be a prokaryotic cell, such as a bacterial cell, or a 
eukaryotic cell. The eucaryotic host cells are preferably pl2uit 
cells . 

Furthermore, the invention relates to transgenic plant cells 
containing an above -described DNA molecule encoding an 
antisense-RNA, a ribozyme or an RNA which leads to a 
cosuppression effect, whereby the DNA molecule is linked to DNA 
elements ensuring the transcription in plant cells. These 
transgenic plamt cells may be regenerated to whole plants 
according to well-known techniques. Thus, the invention also 
relates to plauits which may be obtained through regeneration 
from the described transgenic plant cells, as well as to plants 
containing the described transgenic plant cells. The transgenic 
plants themselves may be plants of any desired plant species, 
preferably useful plants, particularly starch-storing ones, as 
indicated above. 

Due to the expression of the described DNA molecules encoding 
antisense RNA, a ribozyme or cosupreasion RNA in the 

transgenic plant cells the amount of proteins encoded by the 
DNA molecui s of the invention which are present in the Ms 
in endogenic form, is reduced. Surprisingly, this reduction 
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leads to a drastic change of the physical and chemical 
propertieo of the starch synthesized in the plaat cells, in 
particular with respect to the viscous properties of the 
aqueous solutions of this starch, to the phosphate content as 
well as to the release of reducing sugars in the storage of the 
plant cells or plant parts at low temperatures. The properties 
of the starch syiithesized in the transgenic plant cells is 
explicitely described below. 

Thus, the starch obtainable from the described transgenic plant 
cells and planta is also the subject catter of the present 
invention . 

F^irthermore, the invention relates to the antisense RNA 
molecules encoded by r.he described DNA molecules, as well as to 
RNA molecules with ribozyme activity and RNA molecules which 
lead to a cosupression effect which are obtainable, for 
example, by means of transcription. 

A further subject-matter of the invention is a method for the 
production of transgenic plant cells, which in comparison to 
non- trans formed cells synthesize a modified starch. In this 
method the amount of proteins encoded by the DN.k molecules of 
the invention, which are present in the cells in endogenic 
form, is reduced in the plauit cells. 

In a preferred embodiment this reduction is effected by meauis 
of an antisense effect. For this purpose the DNA molecules of 
the invention or parts thereof are liniiied in antisense 
orientation with a promoter ensuring the transcription in plant 
cells and possibly with a termination signal ensuring the 
termir'ation of the transcription as well as the polyadenylation 
of the transcript. In order to ensure an efficient antisense 
ffect in the plant cells the synthesized antisense RNA should 
exhibiu a minimum length of 15 nucleotides, preferably of at 
least 100 nucleotides and most preferably of more thein 500 
nucleotides. Furtherwore, the DNA sequence encoding the 
auitisenae RKA should be homologous with ^respect to the plant 
species to be transformed. However, DNA sequences exhibiting a 
high degree of homology to DNA sequences which are prese^nt in 
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the cells in endogenic form may aleo be used, preferably with 
an homology of more than 90% and iLOOt preferably with an 
homology of more than 95%. 

In a further embodiment the reduction of the aunount of proteins 
encoded by the DNA molecules of the invention is effected by a 
ribozyme effect. The basic effect of ribozyaies as well as the 
construction of DHA molecules encoding such RNA molecules have 
already been described above. In order to express an RNA with 
ribozyme activity in transgenic cells the above described DNA 
molecules encoding a ribozyme are linked with DNA elements 
which ensure the transcription in plant cells, particularly 
with a promoter and a termination signal. The ribozymes 
synthesized in the plant cells' lead to the cleavage of 
transcripts of DNA molecules of the invention which are present 
in the plant cells in endogenic form. 

A further possibility in order to reduce the amount of proteins 
encoded by the nucleic acid molecules of the invention is 
cosupression. Therefore, the plant cells obtainable by the 
method of the invention are a further subject matter. These 
plant cells are characterized in that their amount of proteins 
encoded by the DNA molecules of the invention is reduced and 
that in comparison to wildtype cells they synthesize a modified 
starch. 

Furthermore, the invention relates to plants obtainable by 
regeneration of the described plant cells a*, well as to plants 
containing the described cells of the invention. 

The starch obtainable from the described plant cells and plants 
is also the subject-matter of the presexit i.nvention. This 
starch differs from starch obtained from non- transformed cell 3 
or plants in its physical and/or chemical properties. When 
compared to starch from wildtype plants, the starch exhibits a 
reduced phosphate content. Moreover, the aqueous solutions of 
this starch exhibit modified viscous properties. 

In a preferred embodiment the phospliate content of the 
d scribed starch is reduced by at least 50%, mor preferably by 
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at least 75% and in a particularly preferred erabodiiwent by more 
than 80% in comparison to starch derived from wildtype plants. 

The modified viscosity of the aqueous solution of this starch 
is its most advantageous feature. 

A well-established test for determining the viscosity is the 
so-called Brabender test. This test ia carried out by using an 
appliance which is for example known as viscograph E. This 
equipment is produced and sold, among others, by Brabender fOKG 
Duisburg (Germany) . 

The test basically consists in first heating starch in the 
presence of water in order to assess when hydratization and the 
sv/elling of the starch granules takes place. This process vfhich 
is also named gelatinization or paotif ication is based on the 
dipsolving the hydrogen bonds and involves a measurable 
increase of the viscosity in the starch suspension. While 
further heating after gelatinization leads to the complete 
dissolving of the starch particles and . to a decrease of 
viscosity, the immediate cooling after gelatinization typically 
leads to a increase in the viscosity (see Fig. 3) , The result 
of the Brabender test is a graph which shows the viscosity 
depending on time, whereby at first the solution is heated to 
above th-i gelatinization temperature and then cooled. 
The analysis of the Brabender graph is generally directed to 
determining the pastif ication temperature, the maximum 
viscosity during heating, the increase in viscosity during 
cooling, hs well as the viscosity after cooling. These 
parameterci are important characteristics when it conies co the 
quality of a starch and the possibilty to use it for various 
purposes • 

The starch which may for example be isolated from potato plants 
in which the amount of proteins of the invention within the 
cells was reduced by meains of an antisense effects sliowed 
characteristics strongly deviating from the characteristics of 
starch isolated from wildtype plants. Compared with these it 
only shows a low increase in viscosity during heating, a low 
maximum viscosity as well as a stronger increase in viscosity 
during cooling (see Fig. 3, 4 and 5). 
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In a preferred embodiment the invention relates to starch, the 
aqueous solutions of which exhibit the characteristic viscous 
properties depicted in Fig. 4 or 5- Particularly uiider the 
conditions mentioned in Sxample 3 a for determining the 
viscosity with the help of a Brabender viscosirneter, the 
modified starch, when compared to wildtype plants « exhibits the 
character'istic of only a low increase in viscosity when heating 
the solution. This offers the opportunity of using the starch 
for the production of highly-concentrated glues. 

Moreover, after reaching maximum viscosity, there is only a low 
decrease in viscosity in the case of the modified starch. On 
the other hamd the viscosity increases strongly on cooling; 
thus, the viscosity of modifred starch is higher than the 
viscosity of starch from wildtype plants. 

By reducing the amount of proteins of the invention in 
transgenic plant cells it is furthermore possible to produce a 
starch which has the effect that when plant parts containing 
this starch are stored at low temperatures, in particular at 4- 

S^^C, less reducing sugars are released than is the case which 
starch from non- transformed cells. This property is 
particularly advantageous, for example, for providing potatoes 
which during storage at low temperatures release less reducing 
sugars and thus exhibit a reduced cold sweetening. Such 
potatoes are particizlarly suitable for producing French fries, 
crisps or similar products since undesirable browning- reactions 
(Maillard reactions) are avoided or at least strongly reduced 
during use. 

In a particularly preferred embodiment of the present invention 
not only the synthesln of & protein of the invention is reduced 
in Che tranafoneied plant cells, but moreover also the synthesis 
of at least one further enzyme involved in starch synthesis 
and/or modification. In this context, for exax^>le, starch 
granule -botind starch synthases or branching enzymes ara 
preferred. Surprisingly, it was found tliat potato plamts in 
which the synthesis of the proteins of the invention as well as 
of the branching enzyme is reduced due to an amtisense effect 
synthesize a starch which in its properties strongly deviates 
from starch of wildtype plants. 
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Vfhen compared to wildtype starch, the aqueous solutions of this 
modifi d starch show almost no increase in viscosity during 
heating or cooling (cf . Fig. 6) . 

Furthermore, a microscopical analysis of the starch granules 
before cind after heating clearly shows that, when compared to 
wildtype plants, the starch granules of plants modified in such 
a way are not open but remain basically unchanged in their 
structure. Thus, this is a starch which is resistent to the 
heating process. If the amyloffe content of this starch is 
determined by means of the method described in the Examples « 
amylose contents of more than 50%, preferably of more than 60\ 
and most preferably of more than 70% are measured for this 
starch. The aqueous solutions of the starch isolated from this 
plants preferably show the charncteristic viscous properties 
depicted in Fig. 6. 

Such a highly araylose-containing starch of the invention offers) 

a number of advantages for various uses when compared to 

wildtype plants. Thus, highly amylose-containing starches have 

a high potential for the use in foils and films. The foils and 

films produced on the basis of highly amylose-containing 

starches, which may be used in wide areas of the packaging 

industry, have the essential advantages of being biodegradable. 

Apart from this use which io basically covered by classical, 

petrochemically produced polymers, amylose has further unioue 

fields of application which are caused by the amylose *s 

property to form helices. The helix formed by the amylose is 

internally hydrophobic and externally hydrophilic. Due to this, 

« 

amylose may be used for the complexation and molecular 
encapsulation of low molecular or also of high molecular 
siibotances. Examples therefore are: 

- tba molecular encapsulation of vitamines and substances for 
the protection against oxidation, volatilization, thenutl 
degradation or the transition into an aqueous environment; 

- the molecular encapsulation of aromatic substances for 
increasing the solubility; 

- the molecular encapsulation of fertilizers/pesticides for 
stabilization amd controlled release; 
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- the molecular encapsulation of medical substances for 
stabilizing the dosage -control and for the controlled release 
of retarding preparations . 

Another important property of amylose is the fact that it is a 
chiral molecule. Dae to the chirality it may preferably be used 
after immobilization. e.g. on a column for separating 
enant iomer s . 

Furthermore, it was surprisingly found that starch which may be 
isolated from potato plants in which the amount of proteins of 
the invention in the cells was reduced due to an antisense 
effect, in combination with a reduction of the proteins 
exhibiting the enzymatic activity of a starch granule-bound 
starch synthase of the isotype I (GBSSI) exhibits 
characteristics which strongly deviate from the characteristics 
of starch which may be isolated from wildtype plants. When 
compared to starch from wildtype plants, the aqueous solutions 
of this starch only show a low increase in viscosity during 
heating, a low maximum viscosity as well as almost no increase 
in viscosity during cooling (cf . Pig. 7). If the 
amylose/amylopectin ratio of this starch is determined, this 
starch is characterized in that almost no amylose can be 
measured. The amylose content of this starch is preferably 
below 5% and most preferably below 2*. The starch of the 
invention furthermore differs from the known starch which nay 
be produced in transgenic potato plants by inhibiting the GBSSI 
gene solely by means of recombinant DNA techniques. Thup. this 
starch shows a strong increase in viscosity during heating. The 
aqueous solutions of the starch of the invention preferably 
show the characteristic viscous properties depicted in Fig. 7. 
particularly under the conditions for determining the viscosity 
by means of a Rapid Visco Analyser described in Example 13. the 
mcdified starch has the characteristic of only exhibiting a low 
viscosity increase during heating when compared to wildtype 
starch, but also when compared to waxy starch. This offers the 
opportunity to use the starch of the invention for the 
production of highly -concentrated glues. The modified starch 
furthermor has the property that there la only a low decrease 
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of viscoaity after reaching the maximum viscosity, as well as 
almost no increase in viscosity during cooling. 

Possibilitie*" in order to reduce the activity of a branching 
enzyme in plant cells were already described, for example in WO 
92/14827 and WO 95/26407, The reduction of the activity of a 
starch granule-bound starch synthase of the isotype I (GBSSI) 
may be carried out by using methods known to the skilled 
person, e.g. by means of an antisense effect. DNA sequences 
encoding a GBSSI from potatoe are for example known from 
Hegersberg (dissertation (1988) University of Cologne) , Visser 
et al. (Plant Sci. 64 (1989), lf:5-192) or van der Leiy et al. 
(Mol. Gen. Genet. 228 (1991), 240-248). 

The method of the invention may in principle be used for any 
kind of plant species. Monocotyledonous and dicotyledonous 
plants are of interest, in particular useful plants and 
preferably starch- storing plants such as cereals (rye, barley, 
oats, wheat etc.), rice, raaizf:, pea, cassava and potatoes. 

Within the framework of ^he present invention the term 
•regulatory DNA elements ensuring the transcription in plant 
cells" are DNA regions which allow for the initiation or the 
termination of transcription in plant cells. DNA regions 
ensuring the initiation of transcription are in particular 
promoters . 

For the expression of the various above -described DNA molecules 
of the invention in plants any promoter functioning in plant 
cells may be used. The promoter may be homologous cr 
heterologous with respecx to the used plant species. Use may, 
for example, be made of: the 35S promoter of the cauliflower 
mosaic virus (Odell etal.. Nature 313 (1985), 810-812) which 
ensures a constitutive sxpression in all plant tisnues and also 
of the promoter constrvict described in WO/94C1571. However, use 
may also be made of promoters which lead to an expression of 
subsequeut sequences only at n point of ticae determined by 
exogenous factors (such as in WO/9307279) or in « particular 
tissue of the plant (see e.g. Stockhaus et al., EMEO J. 8 
(1989) , 2245-2251) . Promoters which are active in the starch- 
storing parte of th plant to be transformed are pr«f^raibly 
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used, in the case of potato these parts are the potato seeds, 
in the case of potatoes the tubers. In order to transform 
potatoes the tuber-specific B33-pr&moter (Rocha-Sosa et al . , 
EMBO J. 8 (1989), 23-29) may be used particularly, but not 
exclusively. 

Apart from promoters, DKA regionn initiating transcription may 
also contain DNA sequences ensuring a further increase of 
transcription, such as the so-called enhancer -elements . 
Furthermore, the term "regulatory DNA elements" may also 
comprise termination signals which serve to correctly end the 
transcription and to add a poly-A-tail to the transcript which 
is believed co stabilize the transcripts. Such elements are 
described in the literature and can be exchanged as desired. 
Examples fcr such termination sequences are the 3*- 
nontranslatable regions comprising the polyadenylation signal 
of the nopaline synthase gene (NOS gene) or the octopine 
synthase gene (Gielen et al., EMBO J. 8 (1983), 23-29) from 
agrobacteria, or the 3 ' -nontranelatable regions of the genes of 
the storage proteins from soy bean as well as the genes of the 
small subunit of ribuloae-l, 5 -biphoophate- carboxylase 

(ssRUBISCO) . 

The introduction of the DNA molecules of the invention into 
plant cells is preferably carried out using piasmids. Plasmids 
ensuring a stable integration of the DNA into the plant genome 



In the examples of the present inv^ention use is made of the 
binary vector pBinAR (H6fgen and Willmitzer, Plant Sci. 66 
(1990), 221-230). This vector is a derivative of ;.he binary 
vector pBinl9 (Sevan, Nucl. Acids Res. 12 (1984), 8711-8721), 
which m-^y commercially be obtained (Clontech Laboratories, Inc. 
USA) , 

However, use may be made of any other plant transformation 
vector which can be inserted into a expression cassette and 
which ensures the integration of the expression cassette into 
the i*lant genome. 

In order to prepare the introduction of foreign genes in higher 
plants a large number of cloning vectors are at disposal, 
containing a replication signal for B.coli and a marlcer gene 
for the sal ction of transformed bacterial cells. Examples for 
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such V ctors are pBR322, pUC series, M13np aeries, pACYC184 
etc. The desired sequence may be integrated into the vector at 
a suitable restriction site. Thff obtained plasmid is used for 
the transformation of B.coli cells. Transformed E-coli c lis 
are cu '. tivated in a suitable niedium auid subsequently harvested 
and lysed. The plasmid is recovered by means of standard 
methods. As an analyzing method for the characterization of the 
obtained plasmid DNA use is generally made of restriction 
analysis and sequence analysis. After each manipulation the 
plasmid DNA may be cleaved and the obtained DNA fragments may 
be linked to other DNA sequences. 

In order to introduce DNA into plant host cells a wide range of 
techniques are at disposal. These technicjvxes comprise the 
transformation of plant cells with T-DNA by using Agrobacterium 
tumefaciens or Agrobacterium rhizogenes as trams format ion 
medium, the fusion of protoplasts, the injection and the 
electroporation of DNA, the introduction of DNA by means of the 
biolistic method as well as further possibilities. 
In the case of injection and electroporation of DNA into plant 
cells, there are no special demands made to the plasmids used. 
Simple plasmids such as pUC derivatives may be used. However, 
in case that whole plants are to be regenerated from cells 
transf ozrmed in such a way, a selectable marker gene should be 
present. 

Depending on the method of introducing desired genes into the 
plant cell, further DNA sequences may be necessary. If the Ti- 
or Ri-plasmid is used e.g. for the transformation of the plant 
cell, at least the right border, more frequently, however, the 
right and left border of the Ti- and Ri-plasmid T-DNA has to be 
connected to the foreign gene to be introduced as a flanking 
region . 

If Agrobactoria are used for transformation, the DNA which is 
to be introduced must be cloned into special plasmids^ namely 
either into an intermediate vector or into a binary vector. Due 
to sequences homologous to the sequences within the T-DNA, the 
intermediate vectors may be integrated into the Ti- or Ri- 
plasmid of the Agrobacterium due to homologous recombination. 
This also contains the vir- region necessary for the transfer of 
the T-D^. Intera«die.te vectors cannot replicate in 
Agrobacteria. By m ans of a helper plasmid the intermediate 
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vector may be transferred to Agrobacterium turn faciens 
(conjugation) - Binary vectors may replicate in E.coli as well 
a8 in Agrobacteria. They contain a selectable marker gene as 
well as a linker or polylinker which is framed by the right and 
the left T-DNA border region. They may be transformed directly 
into the Agrobacteria (Holsters et al . Mol . Gen. Genet. 163 
(1978) t 181-187) • The plasmids used for the transformation of 
the Agrrobacteria further comprise a selectable marker gene, 
such as the N^PT II gene which allows for selecting transformed 
bacteria. The Agrobacterium acting as host cell should contain 
a plasmid carrying a vir-region. The vir-region is necessary 
for the transfer of the T-DNA into the plant cell. Additional 
T-DNA may be present. The Agrobacterium transformed in such a 
way is used for the transformation of plant cells. 
The use of T-DNA for the transformation of plant cells was 
investigated intensely and described sufficiently in 
EP 120 516; Hoekema, In: The Binar^^ Plant Vector System 
Of f setdrukkerij Kanters B.V., Alblasserdam (1985), Chapter V; 
Fraley et al., Crit. Rev. Plant. Sci., 4, 1-46 and An et al . 
EMBO J. 4 (1985), 277-287. Some binary vectors may already be 
obtained commercially, such as pBIN19 (Clontech I^iboratories, 
Inc . , USA) . 

For transferring the DWA into the plant cells, plant explants 
may suitably be co-cultivated with Agrobacterium tumefaciens or 
Agrobacterium rhizogenes. From the infected plant material 
(e.g. pieces of leaves, stem segments, roots, but also 
protoplasts or suspension-cultivated plant cells) whole plamts 
may then be regenerated in a suitable medium which may contain 
antibiotics or biozides for the selection of transformed cells. 
The plants obtained in such a way may then be examined as to 
whether the introduced DNA is present or not. 

Once the introduced DNA has been integrated in the genome of 
the plant cell, it usually continues to be stable there and 
also remains within the descendants of the originally 
transformed cell. It usually contains a selecteJole marker which 
confers resistance against biozides or against an antibiotic 
such as kanamycin, G 418, bleorr/cin, hygromyciu or 
phosphinotricine etc, to the transformed plant cells. The 
individually selected marker should therefore allow for a 
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selection of transformed cells against cells lacking the 
introduc d DNA. 

Th transformed cells grow in the usual way within the plant 
(see also McCormick et al., Plamt Call Reports 5 (1986), 81- 
84) . The resulting plants can be cultivated in the usual way 
and cross-bred with plants having the same transformed genetic 
heritage or another genetic h.vritage. The resulting hybrid 
individuals have the corresponding phenotypic properties. 
Two or more generations should be grown in order to ensure 
whether the phenotypic feature is kept stably and whether it is 
transferred. Furthermore, seeds should be harvested in order to 
ensure that the corresponding phenotype or other properties 
will remain. 

Due to its properties the starch obtained from the plant cells 
or from the plants of the invention is not only suitable for 
the specific purposes already mentioned herein, but also for 
various industrial uses. 

Basically, starch can be subdivided into two major fields. One 
field comprises the hydrolysis products of starch and the so- 
called native starches. The hydrolysis products essentially 
comprise glucose and glucans components obtained by enzymatic 
or chemical processes. They can be used for further processes, 
such as fermentation and chemical modifications. In this 
context, it might be of impoL Lance that the hydrolysis process 
can be carried out simply and inexpensively. Currently, it is 
carried out substantially enzymatically using amyloglucosidase . 
It is thinkable that costs might be reduced by usingr lower 
amo\ints of enzymes for hydrolysis due to changes in the starch 
structure, e.g» increasing the surface of the grain, improved 
digestibility due to less branching or a steric structure, 
which limits the accessibility for the used enzymes. 
The use of the so-called native starch which is used because of 
its polymer structure can be subdivided into two further areas: 

(a) nae in foQdfttuffs 

Starch is a classic additive for various foodstuffs, in 
which it essentially serves the purpose of binding aqueous 
additives and/or c&uses an increased viscosity or am 
increased gel formation. Important characteristic 
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properties are flowing and sorption behavior, swelling and 
pastif ication temperature, viscosity and thickening 
performance, solubility of the starch, tramsparency and 
paste structure, heat, shear and acid resistance, tendency 
to retrogradation, capability of film formation, 
resistance to freezing/thawing, digestibility as well as 
the capability of complex formation with e.g. inorganic or 
organic ions . 
Use in non- foodstuffs 

The other major field of application is the use of starch 
as an adjuvant in various production processes or as an 
additive in technical products. The major fields of 
application for the use of starch as an adjuvant are, 
first of all, the paper and cardboard industry. In this 
field, the starch is mainly used for retention (holding 
back solids) , for sizing filler and fine particles, as 
solidifying stibstance and for dehydration. In addition, 
the advantageous properties of starch with regard to 
stiffness, hardness, sound, grip, gloss, smoothness, tear 
strength as well as the surfaces are utilized. 
Within the paper production process, a differentiation can 
be made l>etween four fields of application, namely 
(lurface, coating, mass auid spraying. 

The requirements on starch with regard to surface 
treatment are essentially a high degree of brightness, 
corresponding viscosity, high viscosity stability, good 
film formation ao well as low formation of dust. When used 
in coating the solid content, a corresponding viscosity, a 
high capability to bind as well as a high pigment affinity 
play an important role. As an additive to the mass rapid, 
uiiiform, loss-free dispersion, high mechanical stability 
cind complete retention in the paper pulp are of 
importance. When using the starch in spraying, 
corresponding content of solids, high viscosity as well as 
high capability to bind are also signif icauit.. 
A major field of application is, for instaunce, in the 
adhesive industry, where the fields of application are 
subdivided into four areas: the use as pure starch glue, 
the use in starch glues prepared with sp cial chenicals, 
the use of starch as an additive to synthetic resins and 
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polymer dispersions as well as the use of starches as 
extenders for synthetic adhesives. 90% of all starch-based 
adhesives are used in the production of corrugated board, 
paper sacks aoid bags, composite materials for paper and 
aluminum, boxes and wetting glue for envelopes, stamps, 
etc . 

Another possible use as adjuvant and additive is in the 
production of textiles and textile care products. Within 
the textile industry, a differentiation can be made 
between the following four fields of application: the use 
of starch as a sizing agent, i.e. as an adjuvant for 
srioothing and strengthening the burring behavior for the 
protection against tensile forces active in weaving as 
well as for the increase of wear resistance during 
weaving, as an agent for textile improvement mainly after 
quality-deteriorating pretreatments, such as bleaching, 
dying, etc,, as thickener in the production of dye pastes 
for the prevention of dye diffusion and as an additive for 
warping agents for sewing yarns. 

Furthermore, starch may be used as an additive in building 
materials. One example is the production of gypsum plaster 
boards, in which the starch mixed in the thin plaster 
pastifies with the water, diffuses at the surface of the 
gypsum board and thus binds the cardboard to the board. 
Other fields of application are admixing it to plaster and 
mineral fibers. In ready-mixed concrete, starch may be 
used for the deceleration of the sizing process. 
Furthermore, the starch is advantageous for the production 
of means for ground stabilization used for the temporary 
protection of ground particles against water in artificial 
earth shifting. According to state-of-the-art knowledge^ 
combination products consisting of starch and polymer 
emulsions cam be considered to have the same erosion- and 
encrustation-reducing effect as the products used so far; 
however, they are considerably less expensive. 
Another field of application is the use of starch in plant 
protectives for the modification of the specific 
properties of these preparations. For instance, starches 
are used for improving the watting of pl*nt protectives 
and fertilizers, for the do^ed release of the active 
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ingredients, for the conversion of liquid, volatile and/or 
odorous active ingredients into microcristalline, stable, 
deformable substances, for mixing incompatible 
compositions and for the prolongation of the duration of 
the effect due to a reduced disintegration. 

Starch may also be used in the fields of drugs, medicine 
and in the cosmetics industry. In the pharmaceutical 
industry, the starch may be used as a binder for tablets 
or for the dilution of the binder in capsules. 
Furthermore, starch is suitable as disintegrant for 
tablets since, upon swallowing, it absorbs fluid and after 
a short time it swells so much that the active ingredient 
is released. For qualitative reasons, medicinal flowcirice 
and dusting powders are further fields of application. 1 
the field of cosmetics, the starch may for example be used 
as a carrier of powder additives, such as scents and 
salicylic acid. A relatively extensive field of 
application for the starch is toothpaste. 

The use of starch as an additive in coal and bricjuettes is 
also thinkable. By adding starch, coal can be 
quantitatively agglomerated and/or bricjuetted in high 
quality, thus preventing premature disintegration of the 
briquettes. Barbecue coal contains between 4 and 6% added 
starch, calorated coal between 0.1 and 0.5%. Furthermore, 
the starch is suitable as a binding agent since adding it 
to coal and briquette can considerably reduce the emission 
of toxic substances. 

Furthermora, the starch may be used ae a flocculant in the 
processing Oi: ore and coal slurry. 

Another field of application is the use as am additive to 
process materials in casting. For various casting 
processes cores produced from sands mixed with binding 
agents are needed. Nowadays, the most commonly used 
binding agent is bentonite mixed with modified starches, 
mostly swelling starches. 

The purpose of adding starch is increas- i flow resistance 
as well as improved binding strength. Moreover, swelling 
starches may fulfill more prerequisites for the production 
process, such as dispersability in cold water, 
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rehydratisability, good mixability in sand and high 
capability of binding water. 

In the mbber industry starch may be used for improving 
the technical and optical quality. Reasons for this are 
improved surface gloss , grip and appearance. For this 
puiTpose, the starch is dispersed on the sticky rubberized 
surfaces of rubber substances before the cold 
vulcanization. It may also be used for improving the 
printability of rubber. 

Another field of application for the modified starch is 
the prod«^ction of leather substitutes. 

In the plastics market the following fields of application 
are emerging: the integration of products derived from 
starch into the prccessing process (starch is only a 
filler, there is no direct bond between synthetic polymer 
and starch) or, alternatively, the integration of products 
derived from starch into the production of polymers 
(starch and polymer form a stable bond) . 

The use of the starch as a pure filler cannot compete with 
other substances such as talcum. This situation is 
different when the specific starch properties become 
effective and the property profile of the end products is 
thus clearly changed. One example is the use of starch 
products in the processing of thermoplastic materials, 
such as polyethylene. Ther«»by, starch and the synthetic 
polymer are combined in a ratio of 1 : l by meams of 
coexpression to form a 'master batch', from which various 
products are produced by means cf co-nmon techniques using 
granulated polyethylene. The integration of starch in 
polyethylene films may cause an increased substance 
permeability in hollow bodies, inproved water vapor 
permeability, improved antistatic behavior, improved aati- 
block behavior as well as improved printability with 
acjueous dyes . 

Another poasibility is the use of the starch in 
polyurethane foams. Due to the adaptation of starch 
derivatives as well as due to the optimization of 
processing techniques, it is possible to specifically 
control the reaction between synthetic polymers auid the 
starch's hydroxy groups. The results are polyurqthane 
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films having the following property profiles due to the 
use of starch: a reduced coefficient of thermal expansioxi, 
decreased shrinking behavior, improved pressure/tension 
behavior, increased water vapor permeability without a 
change in water acceptance, reduced flammability auid 
cracking density, no drop off of combustible parts, no 
halides and reduced aging. Disadvantages that presently 
still exist are reduced pressure and impact strength. 
Product development of film is not the only option. Also 
solid plastics products, such as pota, plates and bowls 
can be produced by means of a starch content of more than 
50%, Furthermore, the starch/polymer mixtures offer the 
:xdvantage that they are much easier biodegradable. 
Furthermore, due to their extreme capability to bind 
water, starch graft polymers have gained utmost 
importance. These are products having a backbone of starch 
and a side lattice of a synthetic monomer grafted on 
according to the principle of radical chain niechcmism. The 
starch graft polymers a\^ailable nowadays arc characterized 
by an improved binding and retaining capability of up to 
1000 g water pes* g starch at a high viscosity. These super 
absorbern are used mainly In the hygiene field, e.g. in 
products such as diapcrn aud sheets, as well as in the 
agricultural seccor, e.g. in seed pellets. 

What is decisive for the use of the !iev starch modified by 
recombinant DNA techniques ar^, on the one hand, structure, 
water content, protein content, lipid content, fiher content, 
a^hes/phosphate content, amylose/amylopectin ratio, 

distribution of the relative molar mass, degree of branching, 
granule size and shmpts as well as cryst&llization , and on the 
oth^r hand, the properties resulting in the following features: 
flow end sorption behavior, pastif icition temper atxure, 
viscosity, thickisning performance, solubility, paste structure, 
tra;^i3parency, he^t, shear and acid resistance, tendcmcy to 
rctrogradation, ca(>ability of gel formation, resistance to 
f reasing/th&wing, capability of cott^lax formation, iod.ia«i 
binding, film formation, adhesive strength, enzyme stability, 
digestibility and react.^ vi.ty . The most remarkable feature is 
viscosity. 
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Moreover, the modified starch obtained from the plant c&llj:^ ^ r>f 

the invention may be subjected to further ^^ ^^^ 



modification, which will result in further improvement of ~ ■ - — 
quality for certain of the above -described fields 
application. These chemical modifications are principally V 




to the person skilled in the art. These are pairt- 1 c m * ^ ^ o y 
modifications by means of 

- acid treatment 

- oxidation and 

- esterif ication (formation of phosphate, nitrate anl p o^*^ ^ ^ 



xanthate, acetate and citrate starches, further organic dc: 
may also be used for ecterif ication. ) 



- formation of starch ethers (starch alkyl ether, Q-^ • ' ■ 
ether, hydroxylalkyl ether, 0-carboxylmethyl ether, 
containing starch ethers, S-ccntaining search ethers) 

- formation of branched starches 

- formation of starch graft polymers. 

The invention also relates to propagation material cf 
plants of Che invention, such as seeds, fruits, rmt^f S-^— 
tubers or root sf.ocks, wherein this propagation mat^ ^ - — r:^.'^ 
contains plant cells of the invention. 
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The plasniids produced and/or used within the framework of the 
present invention have been deposited at thr internationally 
acknowledged deposit "DeuLeche Sammlung von Mikroorganismen 
(DSM) ^ in Braunschweig, Federal Republic of Gertnany, according 
to the requirements of the Budapest treaty for international 
acknowledgm^iUt of roicroorganism deposits for patenting 
(deposit number; deposition date) : 



plasmid pBinAR Hyg 
plasmid p33-anti-BE 
plasmid pRI«2 



(DSM 9505) 
(DSM 614 6) 
(DSM 10225) 



(10/20/94) 
(08/20/90) 
(OS/04/95) 



Elution buffer: 



25 mM Tris pH 8,3 
25C niM glycine 



Dialysis buffer: 



50 tnM Tris-HCl pH 7,0 
SO mM NaCl 
2 mM EDTA 
14/7 mM (^-mercaptoethanol 
0,5 mM PMSF 



Protein buffer: 



50 mM sodium phosphate buffer pH 7,2 
10 mM EDTA 
0,5 mM PMSF 
14,7 mM fi-mercaptoet Hanoi 



liUgol solution 



12 g KI 

6 g l2 

ad 1,6 1 with ddHaO 



20 X SSC: 



175-3 g NaCl 
88.2 g sodium citrate 

ad 1000 ml with ddH^O 
ph 7,0 with 10 N NaOH 
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10 X MEN: 200 mM MOPS 

50 raM sodium acetate 
10 mM EDTA 
pH 7, 0 

NSEB buffer: 0,25 M sodium phosphate buffer pH 7,2 

7% SDS 
1 mM EDTA 
1% BSA iw/v) 

Description of the fimirea 

Fig. 1 shows the plasmid p35S-anti-RL. 

Plaamid structure : 

A - fragment A: CaMV 35S promoter, nt 6909-7437 (Framck et al.. 

Cell 21 (1980), 285-294) 
B - fragment E: A&p718 frag^nt from pRIil with a length of 

approximately 194 9 bp 

Orientation relative to the promoter: anti-sense 

The arrow indicates the direction of the open reading 

frame . 

C - fragment C: nt- 11748-11939 of the T-DHA of Ti-plasmid 
pTiACHS T-DNA (Gielen et al . , EMBO J. 3 (1984), 835-846) 

Fig. 2 shows the plasraid pB33-anti-RIi 

Plasmid structure: 

A - fragment A^ B33 promoter of the patatln gene B33 from 
Solanim tuheroBiun (Rocha-Sosa et al . ^ EMBO J. 8 (1989), 23- 
29) 

3 » fragment B: A0p718 fragment from p5Uil with a length of 
approximately 1949 bp 

Orientation relative to the promoter ; anti-sen«e 

The arrow indicates the direction of the open reading 

frame. 

C w fragment C: nt 11748-11939 of the T-DNA o£ Ti-plasaiid 
pTiACHS T-DNA (Olelen et al . , EMBO JT. 3 (1984), 6S5-346) 
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Fig. 3 shows a Brabendet' curv of a aqueous starch solution, 
recorded with a Viskograph-E-typ Brabender viscograph, which 
was isolated from non- trans formed potato plants of the variety 
D^sir^e (see also Example e) . 



Thereby signifying: 



Drehm 
[BE] 
Temp. 
A 
B 

C 
D 

S 



torque 

Brabender unit 
temperature 

start of pastif ication 
maucimum degree of viscosity 

start of the S6®C period 
start of the cooling-off 
period 

end of the cooling-off 
period 

end of the end-50**C period 



The blue line indicatas the viscosity; the red line stamds for 
temperature . 

4 shows a Brabender curve of a aqueous starch solution, 
recorded with a viskograph-B-type Braibender viscograph, which 
was isolated from potato plants transformed with the plasmid 
p35S-aiiti-RL (see also Example 8) . For the meaning of the 

see Figure 3 . 



rig. 5 shows a Brabender curve of a aqueous solution of* starch 
from potatoes transformed with the. plasmid pB33-anti-RI* (see 
also Bxao^le 8) , recorded with a Viskograph-E-type Brabender 
viscograph. For the meaning of the abbreviations see Figure 3. 

Fig» 6 shows curves of aqueous solutions of starch isolated 
from potato plants (see also Example 12), which were recorded 
with a Rjtpid Viocc Analyser. The red line stands for the 
teiqperature ; the blue lines 1, 2, 3 and 4 show the viscosities 
of the following starch solutions: 
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Line 1: starch isolated from wildtype plants. 

Line 2 : starch isolated from plaints in which only the 

branching enzyrrte was inhibited (cf. Fxample 1 of 
patent application W092/14627) , 

Line 3 : starch isolated from plants in which merely the 

concentratioA of the proteins of the invention had 
been reduced (cf. Example 6), 

Lint3 4: stavch iso3.ated from plants which had b€^en transformed 

with the plasmid p35S-anti-RL in combination with the 
p35PH-anti-BE plasmid (cf. Example 12). 

Fig* 7 shows curves of aqueous solutions of starch isolated 
from potato plants (see also Example 13), which were recorded 
with a Rapid Visco Analyser • The red liiiC stands for the 
temperature; the blue lines 1, 2, 3 and 4 show the viscosities 
of the foilowinjf starch solutions: 

Line 1: starch isolated from wildtype plants. 

Line 2 : starch isolated fvo^xk plants which had solely been 

transformed with the plasmid p&33-anti-GBSSI (so- 
called waucy-potato) , 

Line 3: starch isolated from plants which had been solely 

trauisformed with the plasmid p35S-anti-RL (cf . Exanqpla 
6) . ' 

Line 4 : starch isolated from plants which had been tramsf ormed 

with the plasmid pB33-Anti-RL in combination with the 
plasmid pB33-ariti-GBSSI (cf. Example 13). 

Fig. 6 shows the pRLTl plasmid which comprises a full-length 
cl^Ui froa potato encoding an RI enzyme* 

Tha Examples lllust7.-ate the invention. 
1 . Cloning 

For cloning In B.coll tl.n» vector pBluescriptSK was used. 

For plant, transformation the gene constructs were cloned 
Into thtt blnaxy vector pBinAR (H6fgen and Hlllnltzer, 
Plant Scl. 66 (1990), 221-230) and B33-Hyg. 
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2. B<icterial strain© 

For the Bluescript vector auid for the pBinAR and B3J-Kyg 
constrwcts use was made of the K.coli strain DHSa 
(Bethesda Research Laboratories, Gaithersburgh, USA) . 

The rransf ormation of plastnid in potato plants was carried 
out by means of the Agrobacterium tumefaciens strain C58C1 
pGV2260 (Deblaere et al., Nucl. Acids Res. 13 (1985), 
4777 :4»i788) . 



3. Trcuig format ion of Agrobacterium tumefaciens 

TJ>e DNA tirauisfer was carried out by means of direct 
tramsf ormation ^According to the method of H6fgen fi 
Willmitzer (Nucleic Acids Res, 16 (1986), 9877). The 
plasmid DNA of transformed Agrobacteria was Isolated 
according to the method of Bimboim & Doly (Nucleic Acids 
Res. 7 (1979), 1513-1523) and electrophoretically analyzed 
after suitable restriction cleavage. 

4. Transformation of potatoes 

Ten small leaves of a sterile potato culture (Solanum 
tuberosum I*, cv. D4sir6e) injured by a scalpel were 
treated with 10 ml MS medium (Murashige & S)coog, Physiol - 
Plant. 15 (1962), 473-497) with 2% sucrose. The . oedium 
contained 50 ^1 of a Agrobacterium tumefaciens overnight - 
culture grown under selection. After slightly shaking it 
for 3-5 minutes, another incubation too)c place in darkness 
for two days. The leaves were s\ib»eguently put on MS 
Mdium with 1,6% glucose, 5 fotg/l naphtyle acetic acid, 0,2 ? 
mg/l benzylamlnopur ine , 250 mg/1 claforan, 50 mg/1 
kanamycin or 1 mg/l hygromycin B, and 0,80% Bacto Agar for 
callus induction. After a ono-%feek incubation at 25*C and 
3000 lux the leaves were put on MS-medi\im .Jj^J^ 1,6% 
glucose, 1,4 mg/1 zeatine ribose, 20 mg/1 naphL/le acetic j ? 
acid, 20 mg/1 giberellic acid, 250 mg/1 claforan, 50 mg/1 
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kanacaycin or 3 mg/1 hygromycin B and 0,30% Bacto Agar for 
©hoot induction. 

Radioactive marking of DNA fragtrients 

llic radioactive marking of DNA fracments wac carried out 
by means of a DJ«l-Random Primer Labeling Kits by 
Boehringer (Germany) according to the manufacturer's 
instructions • 

Northern Blot Analysis 

Rl» was isolated from leave tissue according to stcmdard 
protocols. 50 /4g of the RHA was separated on an agarose 
gel (1.5% agarose, 1 x MEN buffer, 16.6% formaldehyde). 
After the gel run >he gel was briefly washed in water. The 
RNA was transferred to a Hybond N type nylon membrane 
(Amershara, UK) with 20 x SSC by means of capillary blot . 
The roembreme was subsequently baked in vacuum for two 
hours at 30*C, 

The membrane was prehybridized in NSBB buffer for two 
hours at 68*C and subsequently hybridized overnight in 
NSSB buffer in the presence of the radioactively marked 
probe at 68'*C. 

Plant icaizitenancG 

Potato plants were kept in the greenhouse under the 
following cooditions: 

light period 16 hours at 25000 lux and 22*C 

dark period 0 hours at 15*C 

atmospheric humidity 6CV 

Dcterwination of the amylcsft/amylopectin ratio In starch 
obtained frocn potato plants 

Starch wks isolated froa potato plants according to 
standard methods and th« awylose/Biwylopectin ratio was 
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determined according to th method described by Hovenkamp- 
Hormelink et al. (Potato Research 31 (1988) 241-246). 

Determination of glucose, fructos and sucroce 

In order to determine the glucose, fructose auid/or sucrose 
content, small pieces of pocato tubers (with a diameter of 
approx. 10 mm) are frozen in liquid nitrogen and 
subsequently extracted for 30 roin at 80**C in 0.5 ml lOmM 
HEPES, pH 7.5; 80% (vol./vol.) ethanol . The supernatant 
containing the soluble components is withdrawn and the 
volume is determined. The supernatant is used for 
determining the amount of soluble sugars. The quantitative 
determination of soluble glucose, fructose and sucrose is 
carried out in a reaction mixture with the following 
composition: 

100.0 mM imidazole/HCl, pH 6.9 

1.5 mM MgCl2 

0.5 mM NADP* 

1.3 mM ATP 
10-50 /il sample 

1,0 U glucose -6 -phosphate dehydrogenase from yeast 

The reaction mixture is incubated at room temperature for 
5 minutds. The subsequent determination of sugars is 
carried out by meams of standard photometric methods by 
roeastiring the ad:>sorption at 340 nra after successive adding 
of 

1.0 unit of hoxokinase from yeast 

(for determining glucose) 

1.0 unit of phcaphoglucoisomerase from yeast 

(for determining fructose) 
and 

1«0 unit of invertase from yeast 

(for determining sucrose) • 
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SXJUBpl 1 



The isolation of starch crranule-bound ornt:einB from 

potato 3tarch 

The isolation of atarch granule-bound proteins from potato 
starch has been carried out by fneans of electroelution in an 
elution appliance which was constructed analogous to the *Model 
422 Blectro Eluter" (BIORAD Ladboratories Inc., USA) but had a 
consideraJDly greater volume (approx. 200 ml) . 25 g dried atarch 
were dissolved in elution buffer (final volume 80 ml) . The 
starch was derived from potatoes which produce an almost 
amylose-free starch due to the ant 1 sense xpreesion of a DNA 
seqpience encoding the starch granule-bound starch synthase I 

(GBSS I) from potato. The suspension was" heated to 70-80®C in a 
water bath. Subsequently 72.07 g urea was added (final 
concentration 8 M) and the volume was filled vip to 180 ml with 
elution buffer. The starch dissolved during permanent stirring 
and acq[uired a paste-like consistency. The proteins were 
electroeluted from the solution overnight by meams of the 
elution appliance (100 V; 50-60 mA) . The elutcd proteins were 
carefully removed from the appliance. Suspeiided particles were 
removed in a brief centrifugation. The supernatant was dialyzed 

at 4°C 2 to 3 times for one hour against dialysis buffer. 
Subsequently, the volume of the protein solution was 
determined. The proteins were precipitated by adding ammonium 
sulfate (final concentration 90 %) , which was done during 

permanent stirring at O^^C. The precipitated protein's were 
pelleted by centrifugation and resuspended in protein buffer. 



Identification and iaclittion of cDNA Sfeouen^s encoding Btarq>^ 

granule -bound oroteina 

The proteins Isoleted according to Example 1 w«re used for the 
production of polyclonal antibodies from rabbit, which 
specifically recognize starch granule -bound protoins. 
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By meand of such ar.tlbodias a cDNA expression library was 
subsequently screened for sequences encoding starch granule- 
bound proteins, using standard methoda. 
The expression library was produced as follows; 

Poly (A*)-mRNA was isolated from potato tubers of the 
"Beirolina" variety. Starting from the poly (A"*") -mRKA, cDNA was 
produced according to the Gubler and Hoff:nann method (Gene 25 
(1983), 263-269), using an Xho I-Oligo d(t}x3 primer. This cDNA 
was cut with Xho I after EcoR I -linker addition and ligated in 
an oriented manner in a lambda ZAP II vector (Stratagene) cut 
with EcoR I and Xho I. Approxiicately 500,000 plaques of a cDNA 
library constructed in such a way were screened for sequences 
which were recognized by polyclonal antibodies directed against 
starch granule-bound proteins. 

In order to analyse the phage plaques these were transferred to 
nitrocellulose filters which had previously been incubated in a 
10 irM IPTG solution for 30 to 60 minutes and had subsequently 

been dried on filter paper. The transfer took place at 31^C for 
3 hours. Subsequently, the filters are incubated at room 
temperature for 30 minutes in block rea9ent and washed for 5-10 
minutes in TEST buffer. The filters were shaken with the 
polyclonal antibodies directed against starch granule-bound 
proteins in a suitable dilution for one hour at room 

temperature or for 16 hours at 4^C. The identification of 
plaques expressing a protein which was recognized by the 
polyclonal antibodies was carried out by means of the "Blotting 
detection kit for rabbit antibodies RPN 23" (Amersham UK) 
according to the manufacturer's instructions. 

Phage clones of the cDNA libraxiy expressing a protein which was 
recogxiized by the polyclonal antibodies were further purified 
by using standard methods. 

By means of the in-vivo excision method, B.coli clones mre 
obtained from positive phage clones containing a double* 
stranded pBluescript plasmid with the corresponding cCHA 
in'^ertion. After checking the size and the restriction pattern 
of the insertions a suitable clone, pRIil, was further analyzed. 
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Bxuqpla 3 

y<>quence analysis of t he cDNA insertion of »:he plaflmid pRLl 

From an E.coli clone obtained according to Example 2 the 
plasmid pPXl was isolated and a part of the sequence of its 
cDNA insertion was determined by staundard procedures using the 
didesoxynucleotide method (Sanger et al., Proc. Natl. Acad. 
Sci, USA 74 (1977), 5463-5467). The insertion has a length of 
about 2450 bp. A part of the nucleotide sequence as well ae the 
amino acid setjuence derived therefrom is indicated under Seq ID 
No. 3 and under Seq ID No. 4. 

A secjucnce analysis and a sequence comparison with }cr.own DNA 
sequences showed that the sequence indicated under Seq ID No. 3 
is new and exhibits no significar^t homology to DNA sequences 
known so far. Moreover* the secmence analya.^.s showed that the 
cDNA insertion is only a partial cDNA in which a part of the 
coding region at the 5 '-end is missing. 

XxAsnpla 4 

jri^nhification and isolation of a complete cDNA encoding a 
starch aranule-b ound protein from Solanum tuberosum 

In order to isolate a complete cDNA corresponding to the 
partial cDNA insertion of the plasmid pRLl» a fxxrther cDNA 
library was produced. This was a guard- cell -specific cDNA 
library from Solan;am tuberosum which was constructed as 
follcvs: 

At first epidermis fragments from leaves of "Deoirfie" variety 
potato plants were produced essentially according to the 
Kedrich et al. method (Plant Physiol. 89 (1989), 148), by 
harvciscing approximately 60 leaves of Bix-wec)cs-old potato 
plants kept in the greenhouse. The center nerve was removed 
from the leaves. The leaves were suJssequently crushed in a big 
"Waring blender" (with a volume of 1 liter) four times in 
cooled, distilled H2O on the highest level for 15 seconds each. 
The suspoxwiion was filtered through a nylon sieve with a mesh 
size of 220 M« (tiybolt, Zurich, Swit2 rland) and vashsd iq cold 
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distilled water several times. The suspension itself was 
filtered through a 220 /im nylon sieve ard intens ly washed with 
cold distilled water. The residues (epidermis fragments) wore 
crushed in a smaller "Waring blender" (with a volume of 2SC ml) 
four times in distilled water and ice on a lower level for 15 
&econds each. The suspension was filtered through a 220 fim 
nylon sieve and washed intensely with cold distilled water. The 
epidermis fragments (residues) were microscopically examined 
for ct^ntamination by mesophyl cells. If contamination occurred 
the crushing step was repeated in a small -Waring blender" . 
The disruption of the guard cells of the epidermis fragments 
was carried out by means of pulverizing in liquid nitrogen in a 
cooled mortar for approximately two hours. In order to examine 
the disruption of the guard cells, probes were regularly taken 
and microscopically examined. After two hours, or if a 
sufficiently high amount of guard cells had been disrupted, the 
obtained powder waa filled into a reaction tube (with a volume 
of 50 ml) and resuspended in one volume GTC buffer (Chirgwin et 
al., Biochem. 18 (1979), 5294-5299). The suspension was 
centrifuged and the supernatant was filtered through Miracloth 
(Calbicchem, La Jolla, California) . The filtrate was subjected 
to ultracentrifugation for 16 hours, as described in Jlisin et 
al. (Biochemistry 13 U974) , 2633-2637) and Momex et al. (J. 
Clin. Inves. 77 (1986), 1952-19G1) • After the centrif ugation 
the RNA precipitate was dissolved in 250 fil GTC buffer. The RNA 
was precipitated by adding 0.05 volumes of 1 M acetic acid and 

0. 7 volumes of ethanol. The RNA was precipitated by 
centrifugatlon and the precipitate was washed with 3 sodium 
acetate (pH 4.8) and 70% ethanol. The RNA was briefly dried and 
dissolved in DBPC treated vater. 

Poly A*-RNA was isolated from the isolated RNA accor^ng to 
standard methodn. Starting from the poly (A*) -mRNA, cDMA was 
produced according to the Gubler and Hoffmann method (Gena 25 

(1983), 263-269) by means of a Xho I-oligo d(t)ia primer. This 
cDKA was cut with Xho I after BcoR I -linker addition and 
ligated in am oriented manner in a lambda ZAP II wictor 

(snratagene GmbH, Heidelberg, Germany) cut with EeoR I and Xlio 

1. The pac)c&ging in phage heads was carried out using th« 
Oigapaclc II Gold kit (Stratagene GmbH, Heidelberg, Germany) 
accorriing to the manufacturer's instructions, 
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y-rom such a cDNA library phage clon s hybridizing with the cDNA 
insertion of the pRLl plasmid were isolat d and purified 
according to standard methods. By means of the in vivo excision 
method E.coli clon b were obtained from positive phage clones 
containing a double-stranded pBluescript plasmid with the 
corresponding cDNA insertion. After checking the size and the 
restriction pattern of the insertions, suitable clones were 
siibjected to restriction mapping and sequence analysis. From a 
suitable clone the plasmid pRL2 (DSM 10225) was isolated which 
contains a coo^lete cDHA which encodes a starch granule -bound 
protein from potato. 



Kxfiigplc 5 

frfiq^i nn^'^ analysis o f K . h '^ r Wh ^paertiion of the PRL2 Plasmid 

The nucleotide sequence of the cDNA insertion of the pRIi2 
plasmid was detezroined as described in Example 3. The insertion 
has a length of 4856 bp. The nucleotide sequence as well as the 
amino acid sequence derived therefrom is indicated in Seq ID 
Ko. 1 and/or Seq ID No. 2. In the following, the corresponding 
gene will be called RL-gene. 



TlfTB CPr^^-^^chion of t hft olaamid p353-anti-RL and t^hs 
jtnt ^yoducbien of t K#. o1 asmid into the aenoroe of potato Plantfl 

By noans of the restriction endonuclease Asp7i8 a DMA fragment 
with an aRprootimate length of 1800 bp was isolared from the 
pRLl plasniid. Thio corresponds to the DNA sequence indicated 
under Seg lU Ko. 3 and contains a part of the open reading 
frame. The fragsnent was ligated into the binary vector pBinAR 
cut with AspTlS (Mfifg^n and Willmitzer, Plant Sci. «6 (1990), 
221-230) . This is a derivative of the binary vector pBielS 
(Bevan, Nucl. Acids Res. 12 (1984), 8711-8721). pBinAR was 
constructed as follows: 
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A fragrnient with a length of 529 bp conrprising the nucleotid a 
6909-7437 of the 35S promoter of the caul if lover-mosaic virus 
(Franck et al.. Cell 21 (1980), 285-294) was isolated from the 
plaamid pDHSl (Pietrzak et al., Nucl . Acids Res. 14, 5857-5868) 
as an EcoR I/Kpn I fragment and ligated between the EcoR I and 
the Kpn I sites of the pBinl9 p>olyl inker. This led to the 
plasmid pBinl9-A. 

By means of the restriction endonucleas3s Pva II and Hind III a 
fragment with a length of 152 bp was isolated from the plasmid 
pAGV40 (Herrera-Bacrella et al.. Nature 303, 205-213) 
comprising the polyadenylation signal of gene 3 of the T-DNA of 
the Ti-plasraid pTiACHS (Gielen et al . , ET^BO J. 3, 83S-846) 
(nucleotides 11749-11939) . After the addition of Sph I-linkers 
to the Pvu I site the fragment was ligated between the Sph I 
and Hind III sites of pBinl9-A. This led to plai&mid pBinAR. 
By meaLTXs of restriction and sequence analysis recombinant 
vectors were identified in which the DNA fragment is inserted 
in the vector in such a way that a part of the coding region of 
the cDNA insertion from pRLl is linked with the 35S procaoter in 
antisense orientation. The resulting plasmid p35S-anti-}yLi Is 
shown in Figure 1. 

By inserting the cDNA fragment an esqpression cassette ip 
produced which consists of the fragments A, B and C: 
Fragment A (529 bp) contains the 35S promoter of the 
caulif lo*rer-mosaic virus (CaMV) . The fragment comprises the 
nucleotides 6909 to 7437 of the CaMV (Franck et al.. Cell 21 
(1980), 285-294). 

Apart from flanking regions, fragment B contains a part of the 
protein-encoding areas of the cDNA insertion from plasmid pRLl. 
This was isolated as an A8p718 fragment of pRLl as described 
above and fused to the 3 5S promoter in antisense orientation. 
Pragnant C (192 hp) contains the polyadenylation signal of gene 
3 of the T-DRA of the Ti-plasmid pTiACHS (Gielen et al • , SK30 
J. 3 (1984) , 835-846) . 

The plasmid p35S-anti-RI* has a size of approxiiuately 12.8 kb. 
The plasmid was transferred into potato plants by means of 
A«grobacteria-aGediated transformation, as d^scrdLbad above. Frou 
the transforwed cells whole plants were regenerated. The 
transformed plants were ciiltivated under greenhouse conditions. 
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By analyzing total RNA in a Northern Blot aaaalysifi; concerning 
the disappearance of the tranucripta complementary to the c:;na, 
the success of che genetic modification of the plantp wao 
assessed. For chis purpose, total RHA was iBolated f.rom leaves 
of transfonaed plants according to standard wet hods and 
subsaquently separated elPCtrophcreticTiily on an acjarose gel. 
Then it was transferred onto a nylon membrane and hybridized 
with a radioactively labelled probe having the sequence 
indicated under Seq £V No. 1 or a part ;:hereof . In about S-10% 
of the transformed plants the band indicating the specific 
transcript under Seq ID No. 1 wae missing in the Northern Bloc 
analysis. Tlie plants were used for analyzing the starch 
qualit y • 

Sxajsqplttf 7 

The const ruction of the olasji^d PB13-ftnti-Mi ^nd_ttlfi 
j.i>^;:ro duct ion of^ tjie plasmid j pr r, fhf> gi>nr>me of potato plants 

By means of the rei^triction endonuclease AspVlB, a DNA fragment 
with an approximate length of 1800 Lp, which comprises a part 
of the open reading fraine of thti cDNA insertion was isolated 
fxora the plasmid pRLl and was liga!:eJ. into the /ector B33-IIyg 
which was cut with Asp?18. This vector was constructed as 
follows: 

The 35S pi'omoter was removed from the pBinAR Hyg vector <DSM 

950E) by means of the restriction endonuclaases EcoR^ I and 

Asp718. A fragment with a length of aboun 1526 bp comprising 

the B33 promoter was isolated from the plasmid p33-anti-SE JDSM 

6146) by means of EcoP I and Asp718 and inserted into the 

pBinAR Hyg vector tDSM 9505) cut with EcoR I and Asp718. 

By inserting the cMSTA fragment into the Asp716 site of the B33- 

Hyg p:%asmid, an expression cassette ia produced which consists 

of the fragments A, B and C as follows (Figure 4) : 

Fragment A contains the B33 promoter from Solanura tuberosum (EP 

3775 092; Rocha-Sosa et al., EMBO J. 8 (1989), 23-29). 

Apart from flan)cing regions, fragment B contains a part of the 

protein encoding regicn of the cDNA insertion from the pRLl 

plasttid. This was iMlated as an Asp7l8 fragment from pl^l as 
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described above and fused to the B33 promoter in B33-Hyg in 
antieense orientation. 

Fragment C {192 bp) contains the polyad^uylatiou sign-il of gene 
3 of the T-DNA of the Ti-plaaraid pTiACHS (Gielen t al., EMBO 
,T. 3 (1984) . 835-846) . 

The pl*».smld pB33-zmti-RL has a sire of approximately 12.3 kb. 
The plasnld was transferred into potato plants by Means of 
Agrobacteria-madiated transformation, aa described above. Prom 
the transformed cells whole plant a were regenerated. The 
transformed plants were cultivated under greenhouse conditions. 
3y analyzing total RKA in a Northern Elot analysis coroeming 
the disappearance of the transcriyte complementary to t:?.e cDNA 
the BUCcesB of ths genetic modification of the planes was 
aaeeosed. Poz this purpose, tocal RNA was isolated from tubers 
of tranofomwjd plants according to standard methods and 
subsequently separated electrophoretioally on an agarose gel. 
T-ien it was trane'erred onto a nylon membrane and hybridized 
with a radioactively labelled probe showing the sequence 
iniicated under Seq ID Mo. 1 or a part thereof. In about 5-10% 
of the transformed plants the band indicating the transcript 
hybridizing with the cDNA of the invention was missing in the 
Kor-hem Blot Analysis. From these plants starch «fae isolated 
from txibers and analyzed as described in Example 8. 



23C«Epl<e 8 



I t* «^ the; i-T-anaformftd ri/j>tatO Plant 8 



The potato plantfl transfottned according to Example 6 and 
Exaajple 7 wsre examined with regard to the properties of the 
syitthesized starch. Analyses were carried out with various 
iine-fl of the potato plants which had been transformed with the 
plaamid pLiSS-anti-RI. or the plasmid pB33-anti-RL and which in 
Nerchcrn Blot analysis bad not exhibited the band indicating 
transcripts hybridizing to the DMA kequencea of the invention. 



I 
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Determination of the viscosity of aqueous solutions of the 
starch 

In order to determine the viscosity of the aqueous 
solutions of the starch synthesized in transformed potato 
plants, starch was Isolated frow tubers of plants which 
had been transformed with the plaamid pSSS-anti-RL or the 
plasmid pB33-anti-RL using standard nethodo. 3 0 g of 
starch were each taken up in 450 ml H2O and used for 
analysis in an E viscograph (Brabender OHG Duisburg 
(Germany)). Th<3 appliance was used according to the 
manufacturer's instructions. In order to determine the 
viscosity of the aqueous solution of the starch, the 
starch suspension was first heated from 50'*C to 96'=*C at a 
speed of 3*C per minute. The temperature was subsequently 
kept at 96*C for 30 mln. The solution was then cooled from 
96^C to SO'^C at a speed of 3''C per minute. During the whole 
process the viscoolty was determined. Representative 
results of such measurements are set forth in the form of 
graphs in Figures 3, 4 and 5, in which the viscosity is 
shown depending on time. Figure 3 shows a typical 
Brabender graph for starch isolated from wildtype -plants 
of the potatoe variety D6sir€e. Figures 4 and 5 show a 
typical Brabender graph for starch isolated from potato 
plants which had been transformed with the plasmid p35S- 
anti-Rli or pS33-anti-Rl*. From these graphs characteristic 
values may be deduced. 

The characteristic values for wiJdtype -plants are as 
follows: 
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Tablo i 



Value 

A 
B 
C 
D 
E 
P 



A 
B 

C 

D 
B 
F 



Ticne 
(uiin 

6 : 

11 

15 

43 

60 

70 



30 
30 
15 
15 
30 
45 



Torque 

SO. 5 ± 17.7 
IfiS&.O ± 161.2 
1412.0 ± 18.4 
52o.O ± 17.0 
812.0 ± 8.5 
Bb3.0 ± 5.7 



69.9 ± 0.57 

86.0 ± 2.1 
96.0 

96.0 

50.0 

50.0 



Tho values represent the average values obtained from two 
different raeasurements . 



In Table 1 and the following Tables 2 and 
abbreviations signify the following: 

start of pastif ication 
maximuta viscosity 
start of 96'C period 
start of cocling-of€ time 
end of cooling-off time 
end of the end- 50^*0 period 



the 



For plants which had 
p35S-anti-RIi (line P2) , 
following: 



been transformed with the plasmid 
the characteristic values are the 



Tabl« 2 

Value 

A 
B 

C 
D 
B 
P 



Time 
(min : sec) 



6 
14 

15 
45 
60 
70 



00 
00 
15 
15 
30 
45 



Torque 
(BB) 

50.0 
820.0 
815 .0 
680 .0 
1150.0 
1200.0 



Temperature 

69.0 
93.0 
96.0 
96.0 
50.0 
50.0 



plants which had been trsms formed with the 
pB33-anti-RL (line P3) , the characteristic values 
following: 



plascaid 
are the 
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Table 3 



Value 



b) 



C 
D 
E 
F 



Time 
[min : 

7:0 
12:45 
15:15 
45:15 
60:30 
70:45 



Torque 
[BE] 

31.0 
671.0 
662.0 
607.0 
1063 .0 
1021.0 



Temperature 

71 .0 



88 
9S 
96 
50 
50 



3 
0 
0 
0 
0 



Figures 3, 4 and 5 explicitly shew that the starch 
obtained from transformed plants differs from starch from 
wildtype plants particularly in that the viscosity 
increases only very slightly during hoiting. Thus, during 
heating the maximum viscosity of the modified starch from 
transformed plants is more than 50% lower than in the case 
of wildtype starch. 

During cooling, on th^ other hand, the viscosity of the 
starch isolated from transformed plants increases more 
than in the caoe of wildtype-plants . 

Determinatior. of the phosphate content of the starch 

The phosphates content of the starch was determined by 
measuring th« ^ amount of phosphate bovind to the C-6- 
position of the glucose residues. For this purpose, starch 
was first degraded by acid hydrolysis and the glucooe-e- 
phosphate contrent was subsequently determined by means of 
an enzyme test, as described in the following. 

100 mg starch were incubated in 500 /il 0.7 N HC3 for 4 
hours at lOO-C. After acid hydrolysis 10 nl of the 
reaction were added to 600 itl imidazole buffer (100 nM 
imidazole, 5 inM MgClj. pH 6.9. 0.4 mM HAD*) . The amount of 
gluco8e-6-pho,»phate in the reaction mixture was determined 
by converaicin with the enzyme glucose -6 -phosphate - 
dehydrogenase. For this purpose, 1 U glucose -6 -phosphate - 
dehydrogenase (from Leuconostoc mesenteroides (Boehringer 
Mannheim)) was added to the reaction mixture and the 
amount of produced MADK was determined by measuring the 
aJt>sorption at 340 nn. 
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The glucos -6 -phosphate content of 1 mg starch is 
indicated in the following table for non-transf om^i«d 
potato plants of the variety D4sir6e as well as for two 
lines (PI (35S-anti-RL) ? P2 OSS-anti- RL) ) of transgenic 
potato plants which had b-^en transformed with the plAsmid 
p35S-anti-RL. 



Table 4 



Plamto 
wildtype 

PI {35S-anti-RIi) 

P2 (35S-anti-RL) 



nmol glucose 



-6 -phosphate /mg starch 
12. B9 ± 1.34 
2.25 ± 0.41 
1.25 ± 0 



% 

100 

17.4 
9.7 



The following table shows the glucose -6 -phosphate content 
per roilligram starch in potato plants which were 
transformed with the piasntid pB33 -anti-RL, compared to 
starch from non- trans formed planto (S. 
D£sir6e) « 



cuberosum c.v. 



Tabla 5 



Plants 
Wildtype 

7 

37 
45 

31 



nmol glucose-6-phosphata/mg starch 

9 . 80 ± 0 . G8 
4.50 ± 0.73 
2,64 ± 0.99 
1.14 ± 0.44 
1.25 ± 0,49 



100 
45.9 
25. 9 
11.6 
12.8 



The plants 7, 37, 45 and 31 represent independent 
tr»n>9«onTutntis which had been transformed with the plaainid 
pS33-anti-RL. Plant 37 represents line P3 for which a 
Brabend©r graph is plotted in Figure 5. 

The values sshow that th2> ^i^*:>ap^•at« cortent of the modified 
starch frosR transgenic potato plants is at least 50% lower 
when coroparcd to atarch from wildtype planto. 
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c) DeterT.iv;«tion of glucos«. fructos and sucron« content of 
tubera after storage at 4''C 



Tubers of plaiits from various transgenic lines which had 
been transforeied with the ant i sense -construct p35S-anti-RL 
a« well aa tubers of wildtype plants wars stored at A'C 
or. respect iveiy, at 20»C in darkneas, for two rnonths. 
Subae*iuently. the amounts of glucose, fructose and Bucrose 
were deternilned as described abovo. For two transgenic 
lines the repreaeatative values obtained were the 
fol lowing: 



1.12 e.7 0.7S 7.8 7.5 10.1 



Glucose Fructose Sucrose 

20"C 4»C 20«C 20«C 4-C 

Wildtype 0.84 55.4 0.62 52.8 8.5 13.1 

Transgenic 
line 15 

Transgenic 1-00 6.4 0.75 7.!> S.9 6.9 

line 11 

TSui v^l^ia. in th^ tabl^ arc in^Ucxt.*.! in i^m^l h«xo«* or sua«M/g 
£rMh mig^t. 

Fro« the values of Table 6 it becomas cbvicua that the 
accumulation of r«duci.-ig sugars in tho tubers is 
considerably lower in transgenic plaints scoved at ^"C than 
in wildtype plants. 

Altogether the modified otarch isolated from transgenic 
potato plants r«so««bles starch froo maize -wildtype plants. 
However, in coaiparlaon it has tha advantage that its taste 
is neutral and that it is therefore more ouitabl- '~ 
various uses in the foodstuffs area. 
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SjqpT ^ension of t.hg CD^A i 
(a) TTnnffffrr^t^^" bacterial cell? 

In order co express the cDNA insertion of the plaemid pRIi2 
the cells of the E.coli strain DHSa are first transformed 
with the pACAC plaatnid. This plasmid contains a DNA 
fractment encoding the ADP-glucose-pyrcphosphorylase 
(AGPase) from E.coli, under the control of the lac Z 
promoter . The fragment had been isolated from the vector 
pEcA-15 as a Dral/Kaell fr.iigment wit>' a size of about 1.7 
kb (see B. M<iller-R6ber (1992), dissertation, FU Berlin) 
and after filling in its sticky ends it had been cloned 
into a PACAC184 voctor linearized with Hindlll. The 
expression of AOPase is to cause an increase of the 
glycojen synthesis in transformed E.coli cells. The cells 
transformed in i9uch a way will in the following be named 
E.coli-Kl-cell3. 

In order to determine the enzyme activity of the protein 
encoded by the cDKA of plasmid pRL2, E.coli-Kl-cells were 
transfortfted with the pRL2 plasmid. The transformed E.coli 
cells which contain the pACAC plasmid as well as the pRIi2 
plasmid will in the following be named K.coli-K2-cells, 
The transfer of the plasmid DWA into the bacterial cells 
was carried out according to the Hanahan method (J. Mol. 
Biol. 166 {1983), 557-530). The transformed E.coli cells 
ware plated onto agar culture dishes with the following 
composition : 

VT mflidium containing 

1,5* BSC to agar 

50 icM codium phosphate buffer, pH 7,2 

1% glucose 

iO /ig/wl chlorttffiphenicol in the case of S.coli-Kl-c«lle 
or 

10 ^g/wl chloramphenicol and 
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IC ^g/ml ampicillin in the case of K.coli -K2-cells. 

Each richia coli cells of the DllSa strain which had been 
transformed with the plasraid pRL2 + pACAC (E.coli-K2- 
cells) and also - for control - sol-aly with che pACAC 
plasmid (B. coli-Kl-celle} , were raised on agar places. Tha 
formed glycogen of the various cultures was examined with 
respect to the degree of phoophorylization (at the C-6 
position of the glucose molecule} , as described in the 
following. 

(b) ifl<?lRf jpn Qt frftctgrial qJjdgs^gga 

In order to isolate bacterial glycogen, the bacteria 
colony which had grown aft-ar transformation was floated 

fron! each 6 agar plates (0 135 mm) with 5 ml YT medium 
for each plate. The bacterial suspension was centrifuged 
at 4500 xg for 5 minutes. The bacterial precipitate was 
resuspended in 10 ml YT medixim. Disruption of the bacteria 
waa carried out by adding 2 voluraes of disruption mediuTn 
(0.2 N NaOH; 1\ SDS) and by incubation at room temperature 
for 5 minutes. By adding 3 volumes of EtOH abs., 

incubating at 4*^0 for 30 minutes and subsequent 
centrifuging at 8000 xg for li minutes, the glycogen was 
sedimont&d. Then tha precipitatit was washed with 100 nil of 
70V EtOK end again sedimented by seans of a cent rifugat ion 
step (10 minutes at 6000 xg) . The washing proccdur«3 was 
repeated four times. 

( c ) Pftt;gminftnjlQ;r?. 9ff t^p^^i givccoeir^ 9PT;iv^pt 

The isolated And «odi«ented glyccgen was first degrcidftd 
into ©ingle giucoae inole-.cale,-! by oceans of acidic 
hydrolyals (dissolving of tfim precipitate in 2 ml 0.7 N 

HCl; incubation for 4 hours ttt lorf**C) . The glucose content 
o£ tha solvition wi(«i determinr^a by means of coupled 
ensymatic reaction of a starch test with a photometer 
(Kontron) at a wave length of 340 nm according to the 
sianuf ACturer * (Boenringer Mannlieira) instructions. 

SO 



The reaction buffer contains: 

100 mM MOPS, oil 7.5 
10 iTiM MgCl.^ 
2 EDTA 
0.25 TiuM n^DP 
1 mM ATP 

1 U/ml glucose- 6 -phosphat«a- 
de by dr c-ge n s e 

2 U/:rl hexokinase 

Die measurement waw carried cut at '/S^C wit:h lo al glucose 
solution . 

D eteriBlnation of th e crlucoge-S- n h^sohate contg^nt 

In order to determine the concent of glucose molecules 
phosphorylated at the C-t> position, equal amounts of 
glucose of the various bacterial cultureo were used. By 
adding the same volumes of 0.7 N KOH to the glycc-gensi 
degraded into its glucose molecules by acidic hydrclyai© 
(as above) , the solution was neutralized. 

The reaction buffer contains: 

100 TcM MOPS, pH 7.5 
10 rnM MgCl2 
2 mM EDTA 
0.25 mM NADP 

2 U/ml glucose -6 -phosphate- 
dehydrogenase 

The measurement was carried cut at 25^C with 100 to 150 iil 
glucose solution. 

IdftnttffiCfltjign gfi an encvme activH 

bacterial 



The results of. the detenninatioa of the phoaphatra content 
of the glycogen synthesized in the bacterial cells show 
that the glycogen cf the E.coli calls, which had been 
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The reaction buffer contains: 

100 mM MOPS, pH 7.5 
10 mM MgCl2 
2 mM EDTA 
0.25 TnM NADP 
1 mM ATP 

1 U/ml glucose -6 -phosphate- 
dehydrogenase 

2 U/ml hexokinase 

Die measureraent was carried out at 25®C with 10 /il glucose 
solution. 

(d) psti^y inination of the aIuccse-6-phosphate content 

In order to determine the content of glucose molecules 
phosphoryl&ted at the C-6 position, equal amounts of 
glucose of the various bacterial cultures were used* By 
adding the sanke volumes of 0.7 W KOH to the glycogens 
degraded into its glucose molecules by acidic hydrolysis 
(as above) , the solution was neutralized. 

The reaction buffer contains: 

100 mM MOPS, pH 7.5 
10 mM MgCla 
2 mM EDTA 
0.25 mM NADP 

2 U/ml glucose- 6 -phosphate- 
dehy dr og ena s e 

The maaa-aretTient was carried out at 25^C with 100 to 150 ill 
glucose ff olu t ion . 

(e) laentifi cafcJtPT^ 9f ^" enzvme agtivltY PhQaPhQaTYlfttinq 



The results of the decerminaticn of the phosphate content 
of th glycogen synthesized in the bacterial cells show 
that the glycogen of the E.coli cellti, which had been 
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transformed with the pACAC ♦ pRIi2 plasmids. exhibits a 250 
± 25% increased phosphorylation at the C-6 position of the 
glucose when comparing wich the control reaction (B.coli 
cells transformed with the pACYC plasmid) (see the 
following table) . 

E.coli cells glucose- 6 -phosphase: glucose in 

glycogen 

E.COli-Kl 1 ± 1150) 

E.COli-K2 : ± 390) 

The degrees of phosphorylation indicated herein are the 
average value of at least 6 measurements starting from 6 
independent transformations and glycogen isolations. 



Exanple 10 



. plaamid p?«;{?-apt^i-RL 



plaamid p35 g '^-^"^^i-BE into th^ q^fipme <?€ T?<?< ^<^a-BlaQt& 



The plasmid p3SS-anti-RL was constructed as described in 
Sxample 6. The plasmid p35SH-anti-BE was constructed as 
described in the application WO95/07355. Example 3. Both 
plasmids were sequentially transferred into potato plants by 
meane of the AgrobActerium mediated transformatior. as described 
above. For this purpose, the plasmid p35SH-anti-BS was first 
transformed in potato plant3. Whole plants were regenerated and 
selected for a reduced expression of the branching enzyne gene. 
Sutaaequcntly, the plasmid p35S-anti-RL was transforiTied into the 
tranageMtc plants already showing a reduced expxeaaion of the 
branching enzyme. Prea the transformed colls transgenic plants 
were again regenerated and the tranaforwsd plants were 
cultivated under greenhouse -ondltiona. By analysing total RMA 
in an RNA Blot analysis with respect to the disappearance of 
the transcripts complementary to the branching eniyme cDMA or 
the RL cDNA. the success of the genetic «»dification of the 
plant, with respect to a highly reduced expression of the 
branching enzyme gena as well as with respect to a highly 



52 



CA 92231774 S9M-9;j*ll 



reduced expression cf the RL gene was assessed. For this 
purpose, total RNA was isolated from leaves of transformed 
plants according to the described methods and subsequently 
separated by means of gel electrophoresis, transferred onto a 
membrane, h^ridized with a radioactively labelled probe 
showing the sequence indicated under Geq ID No. 1 or a part 
thereof and then hybridized with a radioactively lahalled probe 
shewing the sequence of the branching enzyme cDKA (cf. 
l«092/14627. Example 1) or a part thereof. In about 5*-10% of 
the trauisformed plamts the band indicating the specific 
transcript of the sequence indicated under Seq ID No. X as well 
as the band indicating the specific tramscript of the branching 
enzyme cDNA (cf. W092/14827) was missing in the RNA Blot 
analysis. These plants, which were designated R4 plants were 
used for analyzing the quality of the starch contained in 
tubers . 



Sxaapla 11 

intearatton of the plaamid pB:^3-arLtii -RT. in combination with the 
p^^BTnid pB33-an^i^CT5gI into the cenome of potato plants 

The plasmid pP33-anti-RIj was constructed as described in 
Kxan^le 7. The plasmid pB33-anti-GBSSI was constructed as 
follows: 

The Dral/Dral fragment of the promoter region of the pat at in 
class I gene B33 from Solanum ttibercsum comprising the 
nucleotides -1512 to +14 (Rocha-Sosa et al., EMBO J 8 (1989), 
23-29) was ligated into the SmaX site of the pUC19 plasmid. 
^om the resulting plasmid the promoter fragment was ligated 
into the polylinker region of the pBinl9 plasmid (Bevan, 
Nucleic Acids Research 12 (1984) , 8711-8721) as an 
EcoRI/Hlndlll fragment. Sxabsequently, the 3' EcoRI fragment 
1181 to 2511 of the GBSSl gene of Solanum tuberosum 
(Kergersberg, dissertation (1989) , University of Cologne) was 
ligated into the EcoRI site of the resulting plasmid. 

Both plaemlds were tr&nsf rred sequ ntially into potato plants 
by means of Agrobacterium mrtdiated transformation as described 
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in Exa«i%>le 10. Prom the transformed c lis whole plants were 
regenerated and the transform d plants were cultivated vi nde r 
greenhouse conditions. By analysing the cotiqplete RN^i in a RNA 
Blot analysis with regard to the disappeax^ance of the 
transcripts cowplementary to the two cTOIAs, the success of the 
genetic modification of the plants was assessed. For this 
purpose « total RNA was isolated from tubers of transformed 
plants according to standard methods and subsequently separated 
on agarose gel by means of gel electrophoresis, transferred 
onto a rcembrame auid hybridised with a radioactively labelled 
probe showing the seqpiance indicated under Seq ID No. 1 or a 
part thereof. Afterwards, the same membrane was hybridized with 
a radioactively labelled probe having the sequence of the G6SSI 
gene or a port of this sequence (Hergersberg, dissertation 
(1988) University of Cologne) . In about 5%-lOlf of the 
transformed plants the band indicating the transcripts 
hybridising to the cDNA of the invention or the GBSSI cDNA were 
Biissing in the RNA Blot analysis. From the tubors cf these 
plants, which were designated R3 plants, starch was isolated 
and analyzed. 



Xxaaple 17 

Starch aTTal>^fli3 of R4 Plants 

The potato plants transformed according to Example 10 were 
examined with respect to the pr<^crties of the synthesized 
atarch* The analys^^s %#ere carried out with various lices of the 
potato plants which had been transformed with the plasmids 
p35S-anti-RIj aixd p35SH-anti-BS and which did no longer - or 
only in extremely reduced form - show the bands indicating 
transcripts hybridizing to the DNA sequences cf the invention 
or to the sequence of the branching cMiA in RNA Blot analysis. 

a) Determination of the viscosity of aqueous solutions of the 
ctarch 

In order to determijxe the viscosity of the aqueo\2s 
solutions of the starch synthesized in transformed fiotato 
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planes, starch vras Isolated from tubers of plants which 
had bee«i transformed with th plasiitid p353-anti -Rli and the 
plasmid p35SH-anti-BE using statndard methods. 2 g of 
starch were each dissolved in 25 ml H2O and used for 
analysis with a Rapid Vicco Analyser (jJlairpcirt Scientific 
Pty I>td, Investment Support Group, Warriewood NSW 2X02, 
Australia) . The equipuienc wan used according to the 
instructions of the manufacturer. In order to determine 
the viscosity of the aqpiecus solution ot the starch, the 

starch suspension was fixst heated from 50**C to 95**C with 

a speed of 12**C per minute. The temperature was then kept 

at 95**C for 2.5 minuter. AfteiWbards, the solution was 

cooled from 95*C to 50''C with a speed of 12**C per minute. 
During the whole process the viscosity was measured. 
Representative results of such measurements are set fcrrth 
in the form of grapl\£? in which the vis'^osity io shown 
depending on time. Figure 6 shows a t>pical RVA graph for 
starch isolated from the wildtype -plants of potato of the 
variety DSsir^e. Lines 2 and 3 chow a typical RVA graph 
for starch isolated from the tubers of plcu^ts which l^aa 
been uramsforroed with the plasmid p35SH-anti-BE i*,nd with 
the plasmid p35S-anti-RIi, respectively. Line 4 shows a 
typical RVA graph for starch iFolatctd from tubers of 
plants which had been transformed with plasmid pS5SH-anti- 
BB in coaibination with plasmid p35S-ar*ti-RIj. Lina 4 is 
characterised in that there is no tempcrat:ure- dependent 
increase of viscosity. 

Determination of the aBtyiooe/amylopectin ratio 

Starch which was isolated from the timbers of transformed 
potato plants was examined with respect to the r&tio of 
amy lose to anylopectin. The plant line R4-1 (showzi in line 
4 of Pig. 6) exhibited an amylose content of moze than 
70%. For thfts plant line R4-3 an amylose value of 27% was 
measured, whereas the amylose content in wildtype starch 
of Che D6'^ix^ variaty ranges between 19 and 22«. 
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KxjUBpl 13 

The potato plants transforroad according to Ejcaraple 11 were 
examined with respect to the properties of the dynchesized 
starch. The analyses were Ccurried out with various lines of the 
potato plants which had been tranFfomed with the plasmids 
pB33-anti*RLi and pB33-anti-GBS5;i and which did no longer - or 
only in extreciely reduced form - show the bands indicating 
tranficripta hybridizing to the DNA seqpiences of the invention 
or to the sequence of the GBSSI cDNA in RNA Blot analysis. 

a) Determination of the viscosity of aqueous solutions of the 
starch 

In order to determine the viscosity of the aqueous 
solution of the ictarch synthesized in transformed potato 
plants, stp.rch wa^ isolated fro!n tubers of plants which 
had been transformed with the plasmid pB33-amti-RIt in 
ccnbiration with the plasmid pB33 -anti -GBSSI using 
standard metlicds. Tire viscosity was determined by means of 
a Rapid Visco Analyser according to the method descrD^d 
in Example 12, 'part a. The results are indicated in Figure 
7. In line 1, Figure 7 shows a typical RVA graph for 
starch isols^ted fron the wildtype -plants of the D2sir£e 
potato variety. Lines 2 and 3 sliow typical RVA graphs for 
starchea isolated from potato plants which had been 
transformed with the plasmid pB33-antl-GBSSI and with the 
plasmid p35S-anti-RL« respectively > Line 4 shows a typical 
RVA graph for starch isolated from potato plants which had 
been transformed with the plasmid pB33-anti-QBSdI in 
combination wi:;h tha plasmid p333-anti-RL. This graph is 
characterized in that the maximum viscosity and the 

increase of viscosity at 50^C are missing. Furthermore, 

this starch is characterized in that the glue obtained 
after RVA treatment exhibits almost no retrogradation 
after incubating at room tenperature for several days. 
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Deter-minatzion of the amylofle/amylopectin ratio 

Starch which was isolated from the tubers of transformed 
potato plants was examined with respect to the ratio of 
amylose to amylopectin. The plant line R3-5 (shown in line 
4 of Pig- 7) exhibited an amylose content of less than 4%. 
For the plant line R3-6 an amylose content of less than 3% 
was measured. The amylose content in wildtype starch of 
the DfisirSe variety ranges between 19 and 22%. 

Determination of the phosphate content of starch 

The phosphate content of the starch was determined by 
measuring the amount of phosphate bound to the C-6- 
position of the glucose residues. For this purpose, starch 
was first degraded by acid hydrolysis and the glucose-6- 
phosphate content was subsequently determined by means of 
an enzyme test, as described in the following. 

100 mg starch were inciibated in 500 fil 0.7 N HCl for 4 
hours at 100*C. After acid hydrolysis 10 /zl of the 
reaction mixture were added to 600 /xl imidazole buffer 

(100 mM imidazole, 5 mM MgClz, pK €.9, 0.4 mM NAD*). The 
amount of glucose- 6 -phcsphate in the preparation is 
determined by conversion with the enryme glucQse-6- 
phosphate -dehydrogenase. For this purpose, 1 O glucose-€- 
phosphate -dehydrogenase (frocu Leuconostoc mesenteroides 

(Boehringer Mannheim)) was added to tho reaction mixture 
and the amount of produced MADH was determined by 
measuring the absorption at 340 nm. 

The glucose- 6 -phosphate content per 1 mg starch is 
indicated in the following cable 2or non-transfiorroed 
potato plants of the variety Disirfie as well as for the 
R3-5 and the R3-6 line of transgenic potato plants which 
had been transformed with the plasmid pB33'anti-RI* in 
combination with the plasmid pB33-anti-GBSSI • As a 
coB5>arison, the value of the starch from the so-called 
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waxy potato (US2-10) which had been transformed with the 
plasmid pB33-anti-GBSSI, is also indicated. 

Tabla 7 

?lant8 nmol glucose -G-phoophate/rog starch % 

Wildtype 9.30 ± 0.68 

1,32 ± 0.10 13 

1.37 ± 0.15 1^ 

US2-10 10.82 ± 0.42 -10 
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SSQUBKCS LZSTZHO 

(1) aZNRAI« ZKPOfcMATIOei : 

(i) APPZiZCANTs 

(X) lOtMS: Jons Kofimann 

(B) STKSrr 3J3DRBdSx Oolmer Pichtctn 9 

(C> CITY I Oolm 

(r) POSTAX* COOS: 14476 

(li) TITLB OF nfcVEMTlOM: Planta Bynthesislng a modiflBd atarcii, mathods 

for thair production aa Mil ais modified atarch 



Uii) rnMBR OF OBOUWCBS: 4 

(Iv) COWPUTKa-WEADXBLB VBRSIOK: 

<X) 13A"2A CARRISat Floppy diak 

(B) COMFOTBRi lEM PC coo^atible 

(C) OPBRXTIKQ SYSTEM: PC-DOS/MS-DOS 

<D) SOFTWARB: Patent In ftalejiae #1.0, Varaion #1.30 (EPA) 



(2) IKFORKATIOU FOB SEQ ID NO: 1: 



(i) 

<A) LSNOTK: 4856 baaa palra 

(B) TYPES nuclaotida 

(C) STRAHDKZ?BIESS : aingle 
<D) TOPOLOOY: linear 

(ii> M0I#BCUIi3 TYPE: ^DWA tO mRKA 

(vi) ORIOIKAL SOUUC»: 

(A) ORGANISM: Solanum tuberoaum 
<B} STRAIN: C.V. Berolina 

Ha) FEATURE: 

(A) MAMB/KBY: CDS 

<a) LOCATIOM: 105. .4497 



(xi) SBOOSNCB DBSCRZPTXON: SEQ ID NO: 1: 
CATCTTCAW OAATTTCTCCl AACCTrCTfC OCrAATTTCC TOOTTTCTTC ACTCAAAATC 

cjiccirrrcTA ocroAHcrra aotoaattaa occaotoooa ooat ato aot aat tcc 

Mac 3®r Aan fmr 
1 



$0 
116 



TTA aaa aat aac tto csq 

Lau Oly A£n Aan Uau Lait 
5 10 



CAS GOA TTC CTA ACC 

Gin CilY Pba Lou Thr 

15 



ACA QTO TTO 

Thr Val Xm 
30 



OAA CAT AAA AOT AOA ATC AOT CCT 

Olu Hia Lys 8er Arg He 



CCT TOT OTT OOA OOC AAT TCT TTO 

Pro cys Val Gly Gly Ai»n Ser Imm 

30 15 



1^4 



213 
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^ £f* *^ *T<^ ^ <^ "* ICA ACT OAo rrr coA zco 



Ph« Oln Oln Ola Val He Ser Lya S«r Pro Leu fier Thr Olu Phe Arc 

*0 45 50 

OOT AAC AGO TTA AAO GTO CAO A.^ AAO AAA ATA CCF ATO GAA AAO AAG 
Oly A*n Arg Leu Lye Val oln Lya Lya Lye He Pro Met Olu Lya Lye 
55 60 65 

COT OCT mr tct aot tct cct cat gct ota ctt acc act oat acc tct 

Arg Ala Pbo 3er Ser Ser Pro Bie Ala V*.l Leu Thr Thr Aap Thr ser 
'^^ 75 so 

TCT OAS CTA OCA QAA AAO TTC AffT CTA ortQ QQQ aAt AIT OAO CTA CAG 
Ser Olu Leu Ala Olu Lye Phe Ser L^u Oly Oly Aan lie Olu Leu Oln 
®^ 50 95 100 



AAA TTC OOO AAA OAK ACA TOO TCT CTT CCO AAT OAT COT CCA GAT OOO 
Lye Pbe Oly Lye Olu Thr Trp Ser Leu Pro Aa-i Aap Arg Pro Aap Gly 
135 x-iC 145 

ACC AAA OTO TAC AAO AAC AAA OCA CTT AOA ACT CCA TTT OTT AAA TCT 
Thr Lys Val Tyr Lye Aan Lye Ala Leu Arg Thr Pro >he Val Lye Car 
ISO 155 160 



303 



404 



OTT GAT OTT AOO CCT CCC ACT TCA OOT GAT OTO TCC TTT OTO OAT TTT 452 
Val Artp V«l Arg Pro Pro Thr fier Oly Asp Val Ser Phe Val Aep Phe 

205 110 115 

CAA OTA ACA AAT COT ACT GAT AAA CTO TTT TTO CAC TOO OOO OCA OTA 500 
Oln Val Thr Aaa oiy Ser Aap Lya Leu Phe Leu Hie Trp Oly Ala Val 

-^20 125 230 



540 



596 



OGC TCT AAC TCC ATC CTO AGA CTO GAS ATA CQA GAC ACT GCT ATC GAA 644 
Oly Ser Aen Ser He H a Arrcr Leu Olu He Arg Aap Thr Ala He Olu 
"5 IVO 175 180 

« 

OCT ATT OAO TTT CTC ATA TAC GAT GAA GCC CAC GAT AAA TOO ATA AAO 692 
Ala He Glu Phe Leu He Tyr Aap Olu Ala Bia Aap Lya Trp He Lya 

105 190 195 

AAT AAT OOT OOT AAT TTT COT OTC AAA TTO TCA AGA AAA GAO ATA CGA 740 
Aan Aan Oly Oly Aan Phe Arg Val Lye Leu Ser Arg Lye Olu He Arg 

200 205 210 

OOC CCA GAT Orr TCT OTT CCT GAU OAO CTT OTA CAO ATC CAA TCA TAT 78e 

Oly Pro Aap Vi%l Ser Val Pro Olu Olu Leu Val Oln He Ola Ser Tyr 

215 220 225 



TTO AGO TOO OAO AM AAG OCA JUUl CAO AAT lAC CCC 
Leu Arg Trp Olu Arg Lye Oly Lya Oln Aan Tyr Pro 
230 235 240 



GAG AAA GAG 

Olu Lye Olu 



AAG GAG OAA TAT GAO KiCT CCT CGA ACT OTO CTA CAO OAO OAA ATA OCT 
Lye Olu Olu Tyar Olu X\m Ala Arg Thr Vul Leu 01a OXu Olu He Ala 

245 250 255 2€0 

ATTi CAO GAC ATT OOA OCA kOO CTA ACA AAA ACT AAT 
He Oln Aap He Arg Ala Arg Leu Thr Lya Thr Aan 
2<5 370 275 



Arg Oly Ala Ser 



836 



884 



932 
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OAT AAA JU3T CAA AOC AAA GAA OAO CCT 
Asp Ly* 88r Oln fi r Lyo Olu lu Pr 

280 



CAT OTA ACA AAA AOT OAT 
His Vttl Thr Vym fl«r A«p 

290 



Il« Pro 



OAT GAC CTT 
A«p A«p X#eu 
295 



CAA OCA CAA SCT TAC ATT ft30 TGO OAO AAA 
ain Ala Oln Ala Tyr XX* Ar^ Txp Olu Ly» 
300 



OCA OGA AA3 

Ala Oly Xoro 
310 



AAC TAT CCT CCA QAA AAS 0*\A AT7 GAA GAA CTC GAA 
Aan Tyr Pro Pro Olu Ly« Oln Xl« Olu Olu Lau Olu 
315 320 



GAA OCA MA AOA QAA TTO CAA CtT OftO CTT ClAG AAA COC ATT ACC CTT 
0-.a Ala Axs Aarg Olu Lau Oln X^u Olu Uju Olu Lya Oly Ila T^ir L«w 
"^jS 330 335 3*0 

AAA ACO ATT ACA AAA OOO GAO ATA A^ ACT AAO OTO 
Lya Thr 11« Thr L/a Oly Olu He Vya Ttxr Ly« Val 

355 



OAT OAO TTO 
Aap Olu Xi«u 



345 



350 



GAAAAOGWrCroAAAAOAAOTTCTrrTGCCGTraAAAa^ATCCW^AOA 

Olu lAra Hifl r-ftu Lyo Arg fier Sar Phe Ala Val Olu Arg Ha Cln Arg 

SSO 3€5 370 

AAO AAO AOA OAC Tl-r GOO CAT CTT ATT AAT AAO TAT ACT TCC AOT CCT 
Lya Lya Arg Aap Pha Oly Hia Leu Xla A^n Lya Tyr Thr S«r Sor Pro 
375 380 3S5 

OCA OTA CAA OTA CAA AAO OTC TTO OAA OAA CCA CCA OCC TTA TCT AAA 

Ala Val Oln Val Oln Ly* Val L«u Olu Olu Pro Pro Ala Leu Ser lya 
390 395 400 

ATT AAO CM TAT OCC AAO «i3 AAO OAO OAO CAO ATT CAT OAT CCO ATC 
Ha Lva Leu Tyr Ala Lys Clu Lya Olu Glu Oln lie A«p Aap Pro Xl« 
405 *10 "0 

CTA AAT AAA AAO ATC TTT AAO C?rC OAT OAT OCO GAO CTA CTO OTA era 
Leu Aan Lya Lya Xla Phe Lyo Val Aap Asp Cly olu Leu Leu Val Leu 

435 430 435 



OTA OCA AAO TCC TCT OOG AAO ACA AAA OTA CAT CTA OCT ACA OAT CTC 
Val Ala Lya Bar Sar oly Lya Thr Lya val aia Laxi Ala T^r Aap Leu 

440 443 450 



AAT CM CCA ATT ACT CTT CAC TOO OCA TIA TCC AAA AOT 

Aan Clin Pro Xle Thr Lau Hia Trp Ai« Leu S*r Lya Ser 

455 4«C 46S 



OOA OAO 
Oly Olu 



TOO ATO iWA CCA CCT TCA AOC ATA TTO CC? CCT OOO TGA r*tT ATT TTA 
Trp Mat Val Pre Pro «*r »«r tie Leu Pro Pro Oly Cer He He Leu 

470 475 480 

OAC AAO OCT eCC OAA AO^ CCT TTT TCA OCC A0T TCT TCV WT GOT CTA 
Am Lye A?.» Ala Olu The Pro Phe a*r Ala Sar «er 3«r Aap Oly Leu 
285 490 495 500 

ACT TCT AJ^ OTA CAA TCT TTO OAS' ATA OTA ATT OAA GAT OOC AAT TTT 

Thr Wr *.y» Vtel Cln ser Leu Aap He Viol He Olu Aap Oly A« Ph* 

505 510 



990 



1028 



1076 



1124 



1172 



1220 



12^58 



13 1« 



1364 



1412 



1410 



1508 



ISM 



1604 



1652 



SI 



OTO OOa XTO CCA TTT OTT CTT TTO TCT GOT OAA AAA TOO ATT AAA AAC 
Val Oly Mot Pro Vhm Val hmx Vmu S«r Oly Giu Ly» Trp Xla I-y» A»n 

S20 535 530 



CAA TOO TCQ OAT TTC TAT OTT OOC TTC AOT OCT OCA TCC AAA TXA CCA 
Oln Qiy Sor Aap Pho Tyr Vml Oly Ph« Ser Al* Ala 8«r Ly« i^u Al* 
335 540 545 



crc AAO OCT OCT 000 OAT OOC AOT OOA ACT CCA AAO 
Lou Lyo AlA Ala Oly Aop Oly Sor Oly Thr A1& Lyo 
550 555 S60 



TTA CTQ OAT 
Lou Lou Aop 



AAA ATA OCA OAT ATO OAA ABT QAG OCT CAO AAO TCA TTT ATQ CAC COO 
Ly» 21o Ala Xm Hot Olu Sor Olu Ala Oln Lya Sor Pho Met Kia Ary 

570 575 580 



TTT AAT ATT GCA OCT QAC TTO ATA OAA OAT OCC ACT ACT OCT OGT OAA 
PilO Am Xlo Ala Ala Aap Lou Ilo Olu Aap Ala Thr Sor Ala 3Xy Olu 

585 590 535 

CTT OOT TTT OCT GOA ATT CTT OTA TOO ATO AGO TTC ATO OCT ACA AGO 
LOU Oly Pho Ala Oly Ilo Lou Val Trp Mot Ax-g Pho Mot Ala Thr Arg 

600 ^05 €10 

CAA era ATA TOO AAC AAA AAC TAT AAC OTA AAA CCA COT OAA ATA AOC 
Oln Lou Ilo Trp Aan Lya Aan Tyr Aan Val Lya Pro Atg Olu Ilo Sor 
615 630 €35 

AAO OCT CAfl OAC AOA CTT ACA OAC TTO TTO CAO AAT OCT TTC ACC AOT 
Lya Ala Oln Aap Ajlt; Lou Thr Aap Lou Lou Oln Aan Ala Pho Thr Sor 
530 €35 €40 



CAC CCT CftO TAC CCT GAA ATT TTG COO ATO ATT ATO 
Him Pro Oln Tyr Arg Olu Ilo Lou Arg Mot Ilo Mot 
€45 «50 «55 



ACT OTT OGA 
llir V&l Oly 
660 



17C0 



3 740 



179€ 



1844 



1892 



194C 



issa 



303€ 



30^4 



COT MA OGT GAA GOO CAT OTA OOA CAO COA ATT AGO OAT OAA ATT TTO 

Ars Oly Oly Olu Oly Aap Val Oly Ola Arg II© Arg Aap Olu 11* Lou 

6€5 fi70 €75 

ore ATC CAO AOO AAC AAT OAC TOC AAO COT OOT ATO ATO CAA GAA TOO 

Val Zlo Ola Arg Aan Aan A^ Cya Lya Oly Qly f<ot Mot Oln Olu Trp 

€«0 

CAT C340 AAA TTO CAIt AAT AAT ACT AOT CCT OAT OAT OTT OT© ATC TST 

Eio Ola Lyo LOW Hla Aan Aon Ttir Sor Pro Aop Aap val Val Xlo Cy» 

$95 700 'fOS 



CM OCA TtA AST OAC TAC ATC AAO AOT OAT TTT OAT CTT 03T 
Oln Al« Lmi Slo A«p Tyr ti* Ly» Aap Pho Acp Lou Oly Val Tyr 
7X0 718 720 



TW AASl ACC era AAT OA© AAC OOA ATA ACA AAA GhQ COT 
Trp Ly» Titar Lro Aan Olu AJn «ly Xlo Thr Lya Olu Ar^ 
7a» 73^ 

TAT CSAC COT OCT ATC O+ff TCT 03IA 

Tyr ."Usp A^ Ala Zl Ui4 sor Olu 

74is 



TTO AOT 
i Lo» 8osr 
740 



AAT TTT i*l»A OOA OAT CAA AAO 
Aan ?h^ hrg Oly A«p Cla Ly« 
730 "755 



21S0 



2338 



237€ 



2334 



^372 



62 



^ ^-^ na cm Ota Tt». oei-r CJ^ "^"c ^ ^ ^ ^ 

S S Si x-u «iy ^ ^ ^* 

v«i Mi. s«r aiy ^* ^ ^ ^^'^ Vbs 



775 '•o 



Tyr ivm Thr Olu Oly olu aiy « v 



790 



ao- «T CAO a\C CTC CTC CAT TTT OTC TtA 

<a3^ Tcii o(« Tio cc*. w aoc TW «o jj^^ ^^j^ 

V«l 8*r Oly X*«« Sor Oly S4« Cia a*p 



3GS 



0»r CXT «0 <»A OAT *A* w « j^jj 

Asp Hia V«l Olu *8y l-ys luia V»l Olu Tur i*u 

925 



Olu Ai« aXM Olu jueu Ars pro i.y 



8«0 8** 



___ efcC ATA CCA err OAT TCT ACA OTT AOA 



8S5 



<«A OTA OAA AOO CK.A TAT OAA OAA «0 AAC ^ OCT A^ 
TSa: Al« V*l Olu Ars Sly Tyr Olu Olu «*u A«n Aaa ax« 



370 



JLTC TCC CTC ore CTT OAA AAT CTC CCA CTC TCT 

AAA ^•^^'^l^^ 'tV: Su I-« Gla Asn I^u Al. U.u 
Lya He ^ e9S 

' __, -cc TKJ A&O CCA TOO AAY CAA 

OTO OAC OAT AAT «A aAT 0« rW TOC TM AAO ^ 

v»i J^p A«p AM Olu A»? val Tyr cy» 1 » 

905 



sisi^!iisissjs«jir» SI-SI isss; 



— — OCA AOC AAQ GCA GAO 

JU^GCTOIOCTTOACAOAACC«TWOCAWOCAAOC^^^ 

l.y« Al« VBl S-u A.P Arg Thr ^ t«» ^ 



..^ ««« era TCT OCC GAA TAT CtA OOA TCA KXK 

WO «AC CMf CSC TTA no «0 0» ^ Otc «^ 

«p Tyir His Bi. I-u t«u ala pro 8«s A-a Olu Tyr 

.MA «at~- TtO AAC ATA TTT ACT OAA GAA ATT ATA 

cnr ooa oro OAC CAA w OCT TW ^ ^ ^ 

Oly V*2. A»p Oln Trp Ala * ^^j, 

PCS 

"nrr CTT err aat aoa ctc oat 

CaT0Ct<mTCA0«OCTWTOTWWCrT ^ ^ 

ATS Al« tay S*r Ala Al* 9»$ 



63 



2420 



24<» 



251S 



2S64 



26X3 



2660 



PiQX 2708 



2756 



26S: 



2900 



294i 



9044 



2092 
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r*cJL Q31C ATQ CCA OXT OTT CTT TCX CAT wrr t^^^ " — 

P« 25 IS? 2p V.1 I-« S.r Hi. VJI^S.r V.1 AT, Al. Ars^A« 

2S ^ ^ cy. Ph. Al. Thr Cy. Ki- An> pro A.n II. I-« Ala A.p 

X080 1085 
CTCCAAOCAAAaOAAOaAAOOATTiTOCrC TTA AAO 

Si £1 JJ« Olu Oly AT, II. L.U L.U Ulu Ly. Pro Thr Pro S.r 

10»5 XlOO 
a«.e ATA ATC TAT A« OA3 OTQ AAT GAO ATT OAO CTC CAA ACT TCA ACrr 
25 SI ?H SI J« Ol« V.1 A.n Olu no Ql« I-u Uln S.r a.r S.r 

1110 1115 
WVCTTOaTAOAAacrGAAACTTCAOCAACACTTAaATTaOTOJ'AAAAO 
2n S; Al. Olu Thr S.r Ala Thr I-« Ar, U.u v.l t.y. Ly.^ 

1X25 1130 *^^3' 

CAA TIT <»3T aw TOT TAC OCA ATA TOW OTA <«IT OAA TTC A^ AST OAA 

Si SI cy. Tyr Al. Ii« S.r Al. A.p olu Ph. Thr S.r olu 

1145 1150 
A-^OTTOClAQCTAAATCACOTAATATTQCXTATCTOAAAOaAAAAOTa 

SI «y Al. Ly. 8«: AT, A«x U. Ala Tyr l-« Oly Ly. V.1 

IISO 1165 
CCTTCCTC0<KOO0AATTCCTACOTCKOTA0eTCTTa»TTT«lAOTC 

SI JS I« v3 Oly 11. Pro Tfer 8« v.1 Al. l-u ?ro Ph. oly val 

1173 11*0 
«««JUUlOtACTTTCAC»eaACATAAATCMO<IAa?r«OeA*KAOft^ 
SS ij. S.X A.^ A«V «• A«« Ci» V.1 Al. Uy. Olu 

11*0 ii>» 

3S S Su K.t I.y« l-u 8.r Olu Oly A.P Ph. «.r Jju^ 

13X0 13X3 
00r«IUiJ«T«CACAAO8OrfTT^OATCTTTCAOa^C«0CT 

oitt lie Azff Thr Thr V»l L»w A.P »«f ^l"* ?a« 

1235 laJO 



31S8 



».ww OTO CrT COO AAA ACT OCA AAT CTA GGA AOT TOO CAO ATT ATC AOI 11«0 

Pro V.l L.U Arw ny« Thr Al. A.n Leu Oly 8«r Trp Oln S«r 

1000 1005 1010 

eCAOTTOAAOCCOWOOATATGTTOTCaTTOTOGATOAOTTOrrrTCSl 
^ SI Su S. V.1 Oly Tyr v.1 v.l v.1 V.1 A.p Olu L.u I-u 8« 
10J5 1020 1025 

<«T aU» AAT AAA ATC TAG OAO AaO CCC J«M ATC TTA OTA G» AAA T^ 

SI ^ A-n Olu XI. Tyr Olu Ly. Pro Thr 11. r-u V.1 Al. Ly. s.r 

1030 1035 
OTT AAA OOA OA8 OAD OAA ATT CCT OAT QOT OCT GTT OCC CTO ATA ACA 

SI S5 Olu Olu Olu II. pro A.P Oly Al. V.l Al. Leu II. Thr^ 

1045 J'OSO X05» 

CCA OAC ATO CCA OAT OTT CTT TCA CAT OIT TCT OTT CO^ 

Asp ^ 
1065 



3284 



3380 



3428 



3476 



363C 



366S 



37X6 



$764 



38X2 



G4 
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ore AM. ttwj era aas gao aac atxj cao gct 

Val Lysi lu Xiou tcyo Olu I«ys M«t OIn Oly 

12*0 1245 



OGT OAT OAA QQT 
Oly AJVp Olu Oly 



AAO 

Lys 



TOO OAA CAA OCA 
Trp Olu Oln Ala 
1260 



AAO OTO TOO 

I«ya V^l Trp 
1270 



OGC ATO CCT 
Oly A^t, Pro 
1250 



ATO OCC ATA AAA 

M«t Ala Il« l»yn 



ACA AOO 



TCA AAA TOO AAT QAO AOA OCA TAC TTC AOC 
Smx Lys Trp >Mn Olu Arg Ala Tyr Pha Sar Thr 

1275 1230 



AAO OTO AAA CTO OAT CAT OAC TAT CTO 

Lys V^l Lya Z«eu Asp Hia Aap Tyr Lou 
1285 "90 

OAA ATA ATA AAT OCT GAT TAT OCA TTT OTC ATT CAC 
Olu Xla lie A«n Ala Aap Tyr Ala 5*he Val lie His 

1335 13" 



ATO OCT OTC CTT OTT CAA 

Mat Ala Val Lau Val Oln 

1300 



ACA ACC AAC 

Thr Thr Asn 

1315 



Sar Oly Asp A.Tp 
132C 



TCA aVW ATA TAT OCC QAO OTO OTC AGO OOC CTT 
Olu lie Tyr Ala Olu Val val Arg Oly Leu 
1325 1330 



OQQ OAlJ. ACA err OTT OOA OCT tat CCA 
my Olu rtx t^M Val Oly Ala Tyr 
133S 13*0 



Pro Oly Arg 



OCT TTO AOT TTT ATC 
Ala Leu Ser Phe lla 
1345 



TOC iSAA JUM3 <:iAT CTC AAC TCT CCT CAA OTO TTA GOT TAG CCA AOC 

Cya Lys l*ya Lys Asp L*u Asa Sar Pro Oln Val Lau Oly Tyr Pro Sar 
1350 1355 13«0 

AAA ceo ATC G3C CTT TTC Am AAA AGA TCT ATC ATC TTC COA TCT GAT 

Lya Pro tie Gly L«»s ?5ie Clc Lys Arg Ser He lla Pha Arg Sar Asp 

13^5 l?7ft 5 375 



1380 



TCC AAT OOQ OAA OAT TTO GAA OCT TAT GCC GOT 6CT OGC CTC TAC OAC 
Asa Oly Olu Asp Lau 0> aXy Tyr Aia Giy Ala Gly Lau Tyr Asp 



Sar Val Pro 



1305 

ATO OAT GAS OAO OAA 
dtet As? Olu Olu 
1400 



1390 

AJ»^ GTST GTA ATT GAT T\C 
Lys Val Val lie Asp Tyr 
1405 1410 



Asp Pro 



TTO ATA 
Leu Zla 

141S 



T OAT GOT AAC TTC 
Asp Oly Asn Pha 
1420 



CAG ACA ATC CTO TCC 
Oln Vhr Zla Lau 
1425 



Sar Asn 



ATT OCT 
ZXo Ala 
1430 



OCT OOA CAT OCT ATC OAO QAG CTA TAT OOC TCT 

Ala Oly His Ala lla OXu Olu Lau Tyr Oly ««r 

1435 IMO 



Pro Oln 



OAC ATT QAO GOT OTA OTO AOO OAT OOA A*»fl ATT TAT OTC OTT CM ACA 

Asp Zla Olu CS2.y Val Val A»^ Afip Oly I.ya tia Tyr V*l Val Oln Thr 
1445 1**^ 



145S 



1440 



CeA CW2 AT3 T GATTATATTC TCfftTOtATO 
Pro Oln Mat 



nOTTCAOAO 2UUBACCACMI 



3860 



3908 



4004 



4052 



4100 



4148 



4196 



4244 



4292 



4340 



4388 



4436 



4484 



4537 



65 
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TTACCTOTAT GATtATACQT GATCCJU^TC CATCACATCA TOTTCACCTT OiGCTATTOO 



4597 
4557 



4717 



TAAATTJ^OCT GOQTI^TCUTA TIUIOaMVUUW TOTOTAAACA TTQTACTATA TATAOTATAT 



4777 



ACACACOCAT TATQT A T T QC ATTATOCACT GAATAATATC GCAGCATCAA AGAAOAAATC 4837 



errroc oTo q tttcaaaaa 



4856 



(2) XZITOBMATIOM TOA 8BQ »0: 2: 



(i) 



<A) ZJEHQTH: X464 4»Klno «cids 
<B) TYTS: amino acid 
(D) TOVOLOGnr: linear 



TY7S> protein 
DBSCUIFTIOK: 6B0 ID NO: 2: 



Leu Oly A«n Asa X«u Vu\x Tyr Oln Gly Phe I«eu Thr 
5 10 



(ii) 
(xi) 



Med Ser Ajon 
1 



ser Thr Vel Leu OXu Kis I«ye S»r Arg lie Ser Pro Pro Cya VeX Qly 

30 25 30 

Qly Asn Ser hmn Phe Oln Gin Gin Val lie Ser Lyts Ser Pro Z«eu Ser 

40 45 



Thr Qlu Phe Arg Oly Aan Arg Leu Lya Val Oln Lya Lys Lys lie Pro 
SO 55 60 



Met Olu Lys Lya Arg Ala *Phe Ser Ser Ser Pro Bis Ala Val lieu Thr 
65 70 75 80 

Thr Aap Thr Ser Ser Olu Leu Ala Glu Lya Phe Ser Leu Gly Qly Asn 

8S 90 95 

Xle aXu Lou GXn VaX Aap Val Arg Pro Pro Thr Ser Oly Asp VaX Ser 

100 X05 XXO 

Phe VaX Asp Phe Oln VaX Thr Aaa OXy Ser Asp Lya Leu Phe Leu Bis 
XXS X20 X2S 

Trp OXy AXa VaX Lys Pha QXy Lys GXu Thr Trp Ser Leu Pro Asn Asp 
X30 X35 X40 

Arg Pro Aap Qly Thr Lys Val Tyr Lya Asu Lys Ala Leu Arg Thr &ro 
X4S X50 XSS X60 

Phe VaX Lys Ser Oly Ser hsa Sar XXe Leu Arg Leu Olu lie Arg Asp 

165 170 X75 

Thr Ala Xlo Qiu Ala Zle Olu Pho Leu Xle Tyr Asp Olu AXa Him Asp 

XSS 190 



68 
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Lya Txp II* Aim Am Oly Oly A»a Ph« Xrg V*l Ly* Leu oer Arg 
X9S 200 205 

Lya Olu lie Arg Oly Pro 7»p V»l e«r V«l Pro Glu Olu L*u V«l Oln 
210 215 220 

Ila am ser Tyr Lau Axg Trp Olu Arg Lya Gly Lya Gin Aan Tyr Pro 

230 235 240 



Pro Olu Lya Olu Lya Olu Olu Tyr Olu Ala Ala Arg Thr Val Leu Ola 

243 250 235 



Glu Olu Xle Ala Arg Oly Ala Ser He Gin Aap He Arg Ala Arg Leu 

260 2''0 

ttir Lya «ir Aan Aap Lya Ser Oln Ser Lya Olu Olu Pro Leu Hia Val 
275 280 285 

Thr Lya Ser Aap He Pro Aap Aap Leu Ala Gin Ala Ola Ala Tyr He 
290 235 300 

Arg Trp Olu Lyts Ala oly Lya Pro Aaa Tyr Pro Pro Glu Lya Oln He 

305 310 315 330 

Olu Olu I-eu Glu Olu Xla Arg Arg Glu Leu Gin Leu Glu Leu Glu Lya 

325 330 335 

Gly He Thr Leu Aap Glu Leu Arg Lya yhx Ho Thr Lya Gly Glu He 

340 "^--^ 

Lya rhx Lya V*l olu Lya Hia Leu Lya Arg Ser Ser Phe Ala Val Glu 
353 36C 365 

Arg He Oln Arg Lya Lya Arg Aap »fte Gly Kia Leu He Aaa Lyo Tyr 
370 375 380 

Thr ser Ser Pro Ala val Olr V«l Gin Lya Val Leu Glu alv Fxo Pro 
385 330 335 "O 

Ala Leu ser Lya He Lya Lou Tyr Ala Lya Clu Lya Glu Olu Oln He 

40S 410 4-5 

AflP Aap Pro He L«* Aan Lya Lya Ha Ph« l^a Val A-^p Aap Oly Olu 

420 *25 ♦^ri 

Leu Leu val Lau val Ale Lya Ser Ser Oly Lya Thr Lya Val Kia Lev 
435 440 

Ala ths Aap Lto Aaa Oln Pro He Thr Leu Kia Trp Ala Leu Ser Lya 
450 *55 4€e 

ser Pro Oly Olu Trp Met Val Pro Pro Ser Stir He l^u Pro Pro Oly 

4S5 470 ^-^S *80 

S«r Ha Xle Leu Aap Lya Ala Ala Olu Thr Pro The Ser Ala Ser Ser 

4QS 490 

ser Aap Oly Leu »r Sor Lya Val Gin Ser Leu Aap He Val Ha Olu 

500 505 510 
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AOT Glv Asn Ph« Vaa Gly Met Pro Pha V«l Leu Leu Ser Gly Glu Lye 



SIS 



520 



lie Lya 01« CSlY S**" A^P 

530 535 540 

Lys Leu Ala Le:- ly» l^la Xia Gly J^^p Gly Ser Gly Tor XI. Ly« 
545 SSO 555 

Ser Leu I-u Anp Ly. He *i* *»P '^'^ 5^ 



phe Mat 



Hi* Ars Fba A«a He Ala Ala Aap He Olu A^p Ala. 'fhr 

___ co« 



5S0 



sor Oly Olu Leu Gly Pbe Ala Gly He Leu Val Trp Ars Phe 

£ OC 



555 



Met 



Ala TUr Arg Girt Leu Trp Abh Lys Asn Tyr Aan Vol Lys Fro 



610 



£15 



620 



Glu ne ser Ly- Ala Gin Asp Arg Leu Thr Asp I^u U*u Gin Asn 

— - 63 3 



625 



£30 



Ala Phe -mr Ser His Pro Gin Tyr Arg Glu He Leu Ars Met He Met 

— - — 650 



645 



ser Thr Val Gly Arg Gly Gly Glu Oly Asp Val Gly Gin Arg Ho Arg 

660 

A3F Glu lie Leu Val He Gin Arg Asn Asa Asp Cys ^ys Gly Gly Met 
675 



Met Cln Glu Trp Hlfl Gin Lye I^u Has 



is Asn Asn Ttir Ser Pro Asp 



6d0 



6S5 



700 



Gin Ala Leu He Asp Tyr He Lys Ser Asp 



val val He Cys Gin AJ.a ueu xxc= -x* ^^-^ 



705 



710 



Leu Oly val Tyr Trp Lya Thr Leu Asa Glu Asn Oly He tfu: Ly. Olu 



725 



730 



Axg Leu L.U ser Tyr ASP Arg Ala He Hi. Ser Olu Pro Asn Phe Arg 

740 "'^^ 

Oly ^ Oln Ly. Oly oly Leu I*u Arg Asp Leu Oly His Tyr Met Arg 

755 '^^^ 

«u: L« Ly. Ala Val Hi. Ser Oly Ala Asp Leu Olu Sex Al« He Ala 

770 '^'^^ 

Asn Mat Oly Tyr Ly. Thr Glu Gly Glu Gly Phe Mar Val Oly Val 
785 •'SO 

Gin He Asn Pro Val Ser Oly Leu Pro Ser Gly Phe Gin Asp L»« I^u 



80S "«» 



Hi. fbe Val 



Leu ASP His val Glu Asp Ly- Asa Val Glu Tfcr Leu Leu 



020 



825 
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GXu Axs Ol" Arg Qlu Olu Lcit Arg Pro Leu Leu L/ii 

6.15 840 &4S 



Pro A3n A»n Arg Leu Lys A«p Leu Leu Phe Leu Aap lie Aia Leu A»p 
G50 955 860 

S«r rur Val Arg Thr Ala VaiI Olu Arg Gly Tyr Glu Olu Leu Aan Asa 
6-55 870 875 880 

Ala Ajm Pro Olu Lys lie Met Tyr Phe He Ser Leu Val Leu Olu Aon 

085 890 B95 

Leu Ala Leu Ser Val Asp Aap A«n Glu Aap Leu val Tyr Cys Leu Lys 

900 905 910 

Gly Trp Axin Gin Ala Leu Ser Met Ser Asn Gly Gly Acp Asn His Trp 

915 920 925 

Ala I*eu Phft Ala Lys Ala Yal Leu Asp Arg Thr Arg Leu Ala Leu Ala 
930 935 940 



Ser Lyo Ala Glu Trp Tyr His 
945 950 

Lau Gly Ser Ufa Leu Gly Val 

965 



Leu Leu Gin Pro Ser Ala Olu Tyr 
955 960 

Oln Trp Ala Leu Asn He Phe Thr 
970 975 



Glu Glu lie He Axg Ala Oly Ser Ala Ala Ser Leu Ser Ser Leu Leu 

9S0 985 990 

Asn Arg Leu Asp Pro Val Arg Lys Yhr Ala Asn Leu Gly Ser Trp 

5>95 1000 1005 

Gin Ho He Sar Pro Val Olu A3 a Val Gly Tyr Val Val Val Val Asp 
1010 1015 1020 

Glu Leu Leu Ser Val Uln Asn Olu He Tyr Glu Lyo Pro Thr He Leu 
1025 1030 1035 1040 

Val Ala Lys Ser Val Lys Gly Glu Glu Glu He Pro Asp Gly Ala Val 

1045 1050 1C55 

Ala Leu He Thr Pro Aap Mat Pro Asp Val Leu Ser His Val Ser Val 

X060 1055 1070 

Arg Ala Arg Asn Gly Lya Val Cys Phe Ala Tlix Cya Phn Aap Pro Aan 
1075 1080 1085 

H« Leu Ala Asp I-eu Gin Ala Lya Glu Gly Arg He Leu I»eu Lau Lys 
1090 1095 1100 

pro Thr Pro fier Aap He He Tyr 5er Glu Val Asn Olu He Glu Leu 
lies 1110 13.15 1120 

Gin Ser Ser Ser Aan Lou Val Glu Ala Glu Thr Ser Ala Thr Leu Arg 

1125 1130 1135 

Lou Val Lys Lys Cla Phe Oly Oly Cys Tyr Ala He Ser Ala Asp Glu 

1140 1145 1150 
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Pha Thr S^r Glu Met Val Oly Ala Lys Ser Arg Asn XI Ala Tyr Z-ou 
1155 IISO 1165 

Ly9 Oly Lys Val ?ro Ser Ser Val Oly lie Pro Thr Ser Val Ala l*cu 
1170 1175 1180 

Pl'o Phe Oly Vai Phe Olu Lys Val L*eu Ser Ajip Asp lie Asn Oln Oly 
lies 1190 1195 1200 

Val Ala Lya Qlu Leu Gin lie Leu Het Lys Lys Leu Ser Olu Gly Asp 

1205 1210 1215 

Phs Ser Ala Leu Gly Glu lie Arg Thr Thr Val Leu A&p Leu Ser Ala 

1229 1225 1230 

Pro Ala Oln X/eu Val Lys Olu Leu Lys Glu Lys Ket Oln Gly Ser Gly 
1225 1240 1243 

Mer Pro Trp Pro Gly Pap Glu oly Pro Lys Arg Trp Glu Gin Ala Trp 
1250 1255 12S0 

Kec Ala Zle Lya Lys Val Trp Ala Ser Lys TL-p Asn Glu Arg Ala Tyr 
1265 1270 1275 1280 

Phe Ser Thr Arg Lys Val Lys Leu Asp His ^^p Tyr Leu Cys Met Ala 

1285 1290 1295 

Val I>eu Val Glxi Olu He lie Asn Ala Asp Tyr Ala Phe Val He His 

1300 1305 1310 

Thr Thr Asm Pro Ser Ser Gly Asp Asp Ser Olu He Tyr Ala Olu Val 
1315 1320 1325 

Val Arg Gly I-eu Gly Glu Thr Leu Val Oly Ala Tyr Pro Oly Arg Ala 
1330 1335 1340 

Leu Sftr Pha He Cys Lys Lys Ly3 Asp Leu Asn Ser Pro Oln Val Leu 
134S 1350 1355 1360 

Gly Tyr Pro Ser Lys Pro He Oly Leu Phe He Lys Arg Ser He He 

1365 1370 1375 

Phe Arg Ser Asp Ser Asn Gly Olu Asp Leu Glu Gly Tyr Ala Oly Ala 

1380 138S 1390 

Gly Leu Tyr Asp Ser Val Pro Kec Asp Olu Glu Olu Lys Val Val He 
1395 1400 1405 

Asp Tyr Smr Ser Asp Pro Leu He Thr Asp Gly Asn Phe Arg Gin Thr 
1410 1415 1420 

He Leu Ser Asn Zle Ala Arg Ala Oly Uls Ala He Olu Olu Leu Tyr 
1425 1430 1435 1440 

Oly Ser Pro Oln Asp He Glu Gly Val Val Arg Asp Oly Lys He Tyr 

1445 1450 1455 

Val Val Gin Thr Arg Pro Gin Met 

1460 
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(2) IHTORMATXCN FOE SSQ ED »0: 3: 

(i) 8E0UENC3 CHAJU^CTERISriCS t 

(A) 1-KHOTH: 1918 base p«irf» 
(S) TWB: nuclooti<ld 

(C) &TKA)»DEDKS8S : dingle 
(0) TOPOLOGY: linear 

(ii) M01*SCUIjB TYPH: cDNA tO irtSiHA 

(vi) CRiaiNAI. SCfURCB: 

{A) ORCUKISM: S-^lanua tub«rci?tuc 

(B) aTRAIH: C.V. Deairce 

(ix) FEATURS: 

(A) HAMB/]CB\: CDS 

(B) UXyiTIOKsl. .1555 



(xi) SEQUEWCB DESCRIPTION: SBQ ID NO: 3: 

GCA OAG TOG TAC CAT CAC TTA TTG CAG CCA TCT OCC GAA TAT CTA GO/. 
Ala Olu Trp Tvx Hie Hl^ Leu Leu Gin rro Ssr Ala --lu Tyr Leu Gly 
1 5 10 ^5 

TCA ATA CTT GOG GTO GAC CAA TGG OCT TTO AAC ATA TTT ACT GAA GAA 
S«r Il« r^u Oly val Aap Gin Tr? Ala Leu Asu lie Phe Thr Glu Glu 



o 



25 30 



ATT ATA COT OCT OGA TC^ OCA GCT TCA TTA TCC TCT CTT CTT AAT AGA 
He Xle Arg AIa ^?ly Ser Al^ Ala Ser Leu Ser Ser Leu Leu Aan Arg 
35 40 45 

CTC GAT CCC GTO CTT COa AAA ACT OCA AAT CTA GOA AOT TGG CAO ATT 
Leu Asp Fro VAl Leu Arg Ly* Tlrr Alii Aen Leu Gly .-Jer Trp Gin He 
SO ' 55 60 

ATC AOT CCA GTT GAA GCC OTT GGA TAT GIT OTC GTT OTG OAT OAO TTO 
He ser Pro Val Glu Ala Val Gly Tyr Val Val Val Val Aap Glu Leu 
65 70 73 BO 

CTT TCA Girr CAO AAT OAA ATC TAC GAG AAC CCC ACQ ATC TTA CTA OCA 
t«u Ser Val Gin Aan Olu He Tyr Olu Ly£ Pro Thr He Leu VaX AIp 

85 50 »!> 

AAA TCT Ol-r AAA OOA OAO CAO GAA ATT CCT GAT OCT GCT O'-T OCC CT.:^ 
Lva Ser V«l Ly» Oly Olu Olu Olu He Pro Asp Gly Al«. Val Ala Leti 
^ 100 105 ILO 

ATA ACA CCA GAC ATO CCA OAT OTT Crr TCA CAT GTT TCT OTT COA OCT 
He Thr Pro Aap Met Pro A«p VrI Leu Ser Jlis Val Ser Val Arg Ala 
115 120 125 

ACA AAT OOO AAO OTT TOC TTT OCT ACA TOC TTT GAT CCC AAT ATA TTO 
Arg A«i Oly Lyo Val Cy» Phe Ala Ttir Cym Phe Asp Pro Aan He Leu 
130 135 1*° 



OCT OAC CTC CAA OCA AAO GAA OOA AOO ATT TTO CTC TTA AAO CCT ACA 
Ala A« Leu Oln Ala Lya Olu Oly Arg He Leu Leu Leu Lya Pro Thr 
145 150 155 160 
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CCT TCK GAC ATA ATC TAT AOT GAO OTO AAT OAG ATT GAO CTC CAA ACT 536 
Pr eer Aap Zl« Xl« Tyr S^r Clu Val Acn Glu IXo Glu Leu Oin 6 r 

165 170 175 

TCA ACT AAC TTO CTA OAA OCT GAA ACT TCA GCA ACA CT^ AOA TTC OTG 576 
Ser Scr Asn Leu Val Glu Ala Glu Thr Ser Ala Thr Leu Arg Leu Val 

IBO 185 190 

AAA AAO CAA TTT GOT GGT TGT TAC GCA ATA TCA GCA GAT GAA TTC ACA 624 
Lya Lya Q\n Phe Oly Gly Cys Tyr Ala lie Ser Ala Aap Glu Phe Thr 
195 200 205 

AOT GAA ATO GTT GOA GCT AAA TCA CGT AAT ATT GCA TAT CTO AAA GGA 672 
Sar Olu Met Val Gly Ala Lys Ser Arg Aan He Ala Tyr Lou Lya Oly 
210 215 220 

AAA OTG CCT TCC TCO GTO GGA ATT CCT ACG VGA GTA OCT CTT CCA TTT 720 
Lya Val Pro fier Ser Val Oly lie Pro Thr Ser Val Ala Leu Pro Phe 
225 230 235 240 

OGA OTC TTT GAG AAA GTA CTT TCA QAC GAC ATA AAT CAG OOA OTG GCA 768 
Oly Val Pile Olu Lya Val Leu Ser Asp Aap He Asiu Gin Oly Val Ala 

245 250 255 

AAA GAO TTO CAA ATT CTO ACA AAA AAA CTA TCT GAA OGA GAC TTT AOC 816 
Lya Olu Leu Gin He Leu Thr Lyj Lya Leu Ser Glu Gly Asp Phe Ser 

260 265 270 

OCT CTT GOT GAA ATT CGC ACA ACG GTT TTA GAT CTT TCG ACA CCA GCT 864 
Ala Leu Oly Olu He Arg Thr Thr Val Leu Aap Leu Ser Thr Pro Ala 
2V5 280 285 

CAA TTO OTC AAA GAO CTG AAC GAG AAO ATG CAG GGT TCT GGC ATO CCT 912 
Oln Leu Val Lya Glu Leu Ly« Olu Lya Met Oln Oly fier Oly Met Pro 
290 2«5 300 

TOG CCT GOT GAT GAA GOT CCA AAO COO TOO QJiA CAA GCA TGG ATO OCC 960 
Trp Pro Gly Asp Glu Gly Pro Lya Aig Trp Glu Oln Ala Trp Met Ala 
305 310 315 320 

ATA AAA AAO GTO TOO GCT TCA AAA TOG AAT GAG AOA OCA TAC TTC AOC 1008 
13 a Lya Lya Val Trp Ala Scr Lya Trp Aan Glu Arg Ala Tyr Phe Ser 

325 330 335 

ACA AGO A^3 GTXJ AAA CTO GAT CAT OAC TAT CTO TGC ATO OCT OTC CTT 1056 
Ihr Arg Lya Val Lya Leu Acp Kla Aap Tyr I^u Cya Met Ala Val Leu 

340 345 350 

CPIT CAA OAA ATA ATA AAT GCl^ GAT TAT GCA TTT CTC ATT CAC ACA ACC 1104 
Val Oln Olu lie He Aan Ala Aap Tyr Ala Phe Val He Hla Tbr Thr 

360 365 



AAC CO. TCT TCC OOA OAC OAT TCA OAA ATA TAT OCC GAO OTO OTC AGO 1X53 
aan Pro Ser Ser Oly Aop Aap Ser Olu He Tyr Ala Glu Val Val Arg 
370 375 380 

OCC CTT QCfO OAA ACA CTT OTT GGA GCT TAT CCA GOA CGT OCT TTO AOT 1200 
Oly I^u Oly Olu Thr Leu Val Oly Ala Tyr Pro Gly Arg Ala Leu Ser 

3C5 390 395 <00 
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TTf ATC TOC PJ^JJ AAA AAG GAT CTC AAC TOT CCT CAA OTO TTA GOT TAC 1348 

The lie CyB £#y0 Lyo Lys Acp A«n S r Pro Gin v&l x^u oly Tyr 

^.05 410 415 

CCA AOC AAA CCO ATC GGC CTT TTC ATA AAA AGA TCT ATC ATC TTC CGA 1296 
Pzc 3«r Lys Pro Ilo Gly Leu Pbe lie Lys Arg Ser Ilrt He Pha Arg 

<20 435 430 

TCT OAT TCC AAT OGG GAA OAT TTG GAA GOT TAT GCC GCT GCT OGC CTC 1344 
Sar A«p Ser A^a Oly Glu 9ifvp Leu Olu Gly Tyr Ala Gly Ala Oly Ixtu 
435 440 445 

TAC GAC ACT GT7i CCA. ATG OAT GAG GAG GAA AAA GTT GTA ATT ';AT TAC 1392 
Tyr Asp Ser Val Pro Met A^p Glu Glu Glu Lys Val Val Tift Asp Tyr 
450 453 460 

TCT TCC GAC CCA *XTG ATA ACT GAT GOT AAC TTC CGC CAO ACA ATC CTG 1440 
Ser Ser Asp Pro Leu lie Thr Asp Gly Asn Phe Arg Gin Thr Zle Leu 
465 470 475 ISO 



TCC AAC ATT GCT COT GCT GGA CAT GCT ATC GAG GAG CTA TAT GGC TCT 1488 
Ser .^n lie Ala Arg Ala Gly Hie Ala Zle Olu Glu Leu Tyr Gly Ser 

485 4?0 49:^ 

CCT CAA GAC ATT GAG GOT OTA 07^3 AGO GAT GGA AAG ATT TAT OTC GTT 1536 
Pro Gin Asp He Glu Gly Val Val Arg Asp Gly Lys lie Tyr Val Val 

500 505 510 

CAO ACA AGA CCA CAO AIG T GATTATATTC TCOTTGTATO TTCrTTCAGAO 1585 
Gin Thr Arg Pro Gin Met 
515 

AAGACCACAO ATGTGATCAT ATTCTCArTG TATCAGATCT GTGACCACTT ACCTGATACC 1645 

TCCCATGAAG TTACCTGTAT GATTATACOT GATCCAAAGC CATCACATCA TGTTCACCTT 1705 

CAGCTATTGG AGGAOAAOTG AGAAOTAGGA ATTGCAATAT GACGAATAAT AAGAAAAACT 1765 

TTGTAAAAGC TAAATTAOCT GGGTATGATA TA3GGAGAAA TOTGTAAACA TTOTACTATA 1825 

TATAGTATAT ACACACGCAT TATOTATTGC ATTATOCACT GAATAATATC GCAOCATCAA 1885 
AGAAGAAATC CTTrOGOTOU TTTCAAAAAA AAA ' 1918 



(2) INFOftKATION PGR SBQ ID NO: 4: 

(i> SBOUBaiCS CiASlACTHiaSTXCS: 

(A) LEZIOTK: 518 aviino acidc 

(B) TYPS: iiuuino acid 
(D) TOPOLOOYt linear 

(11) H0L8C0LB TyP7: protein 

(Xi) SBQCTWCS DBSCAZPTIC»r: SEQ ID KO: 4: 

Ala Glu Trp Tyr His His Leu Lex: Oln Pro Ser Ala Olu Tyr Z«eu Oly 
15 10 15 

Ser Zle ^ au Oly Val Asp Gin Trp Ala Leu Asn Zle Phe Thr Olu Glu 

20 35 30 
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lie ZI Arg Ala Gly S r Ala Ala Ser Leu Ser Ser Leu Leu Asn Arg 

2S 40 45 

Leu Asp Pro Val Leu Arg Lys Thr Ala Aksn Leu 01 y Ser Trp Gin lie 
50 55 60 

lie Ser Pro Val Olu Ala Val Qly Tyr Val Val Val Val Aap Olu Leu 
65 70 75 80 

Leu Ser Val Qln Aan Glu lie Tyr Olu Lys Pro Thr lie X«eu Val Ala 

85 90 95 

Lys Ser Val Lya Oly Olu Glu Glu Zle Pro Aap Gly Ala Val Ala Leu 

100 105 110 

He Thr Pro Asp Met Pro Asp Val Leu Ser His Val Ser Val Arg Ala 

115 120 125 

Arg Asn Oly Lys Val Cys Phe Ala Thr Cys Pho Asp Pro Asn lie Leu 
130 135 140 

Ala Asp Leu Gin Ala Lys Glu Qly Arg Zle Leu Leu Leu Lys Pro Thr 
145 150 155 160 

Pro Ser Asp Zle Zle Tyr Ser Glu Val Asn Olu lie Glu Leu Gin Ser 

165 170 175 

Ser Ser Asn Leu Val Glu Ala Glu Thr Ser Ala Thr Leu Arg Leu Val 

160 165 190 

Lys Lys Gin Phe Gly Gly Cys Tyr Ala He Ser Ala Asp Glu Phe Thr 
195 300 205 

Ser Glu Met Val Gly Ala Lya Ser Arg Asn Zle Ala Tyr Leu Lys Gly 

210 215 320 

■ 

Lys Val Pro Ser Ser Val Gly He Pro Thr Ser Val Ala Leu Pro Phe 
225 230 235 240 

Gly Val Pho Glu Lys Val Leu Ser Asp Asp Zle Asn Gin Gly Val Ala 

245 250 255 

Lya Glu Leu Gin Zle liSU Thr Lys Lys Leu Ser Glu Gly Asp Pha Ser 

260 265 270 

Ala Leu Gly Olu Zle Arg Thr Thr Val Leu Asp I«eu Ser Thr Pro Ala 
275 280 285 

Gin Leu Val Lya Glu Leu Lys Glu Lys Mat Gin Qly Ser Gly Net Pro 

290 295 300 

Trp Pro Oly Asp Olu Oly Pro Lys Arg Trp Olu Gin Ala Trp Met Ala 
305 310 315 330 

Zle Lys Lys Val Trp Ala Ssr Lys Trp Asn Olu Arg Ala Tyr Phe Ser 

325 330 



Thr Arg Lys Val Lys Leu Asp His Asp Tyr Leu Cys Met Ala Val Leu 

340 345 350 
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VaI Gin Qlu lie 

355 

Asu Pro S r 5«x 
370 

Gly Lou Gly Glu 

aas 

Pho ZXm Cym Lys 



Pro Ser Lys Pro 

420 

5er Aap Ser Asn 
435 

Tyr Aflp Ser Val 
4S0 

Ser Ser Asp Pro 
465 

Ser Asn lie Ala 



Pro Gin Asp 11 9 

500 

Gin Thr Arg Pro 
515 



Xl« PjBn Ala Asp 

360 

Gly Aap Aap S^r 
375 

7hr L«u Val Gly 

390 

Lys Lya Airp Lau 

405 

lie Gly L«u Pha 



Gly Glu Aap Lau 

440 

Pro Mat Asp Glu 
453 

Lau Ila Thr Asp 
470 

Arg Ala Gly His 
495 

Glu Gly Val Val 



Gin Mat 



Tyr Ala Pha Val 



Glu lie Tyr Alx. 

360 

Ala Tyr Pro Gly 
395 

Afin Bar Pro Gin 
410 

lie Lys Arg Sar 
435 

Glu Gly Tyr A3.a 



Glu Glu Lya Val 

460 

Gly Aan Pha Arg 
475 

Ala Ila Glu Glu 
490 

Arg Asp Gly Lya 
505 



Ila Ki« Thr Thr 
365 

Glu Val Val Arg 



Arg Ala Leu £>ar 

4 00 

Val Leu Gly Tyr 
41S 

lie Ila Pha Arg 

430 

Gly Ala Gly Leu 

445 

Val lie Asp Tyr 



Gin Thr lie Leu 

480 

T^eu Tyr Gly Ser 
495 

lie Tyr Val Val 
510 
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CLAIMS 



What is claimed Is: 

1 . Am Ihod for releasing a llgand from a compl x th reof . said method 
comprising conteustlng a medium suspected of containing said comp! x with an 
effective amount of a compound of the formula: 



wherein is alkyi; is hydrogen or aBcyl: X ie O. S or N; n is 1 when X is O or S and 
n is 2 when X ts N; and m is 1 or 2. 

2. The method of Claim 1 wherein X is O. 

3. The method of Claim 1 wherein said compound is methoxyberuoJc add, 
4. . In a method foi* the determination of an analyto that Is a member of a 

specific binding pair In a sample suspected of containing said anaiyte, said method 
comprising the steps of (a) providing in an assay medium said sample and a binding 
partner for said anatyte and (b) detecting the bindir>g of said btrxilng partner to said 
analyte, the Improvement comprising Including In said assay medium a compound of 
the formula: 



wherein la s!kyl; R* Is hydrogen or aB<y): X is 0» 8 or N; n Is 1 when X Is O or S and 
n !s 2 when X Is M; m Is 1 or 2 and v^t^reSn fi>e amount of compouAd Is suffidsnt 
to enhance th0 acesjncy of said d^^tsnmln&Uon. 

S« The method of Claim 4 wherein X is O. 
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6. The m thod of Ctalm 4 wherein said compound Is methoxybonzoic add. 

7. A method for relaastng mycophonoJIc add from a compi x th r of, said 
method comprising conlcctlng a medium suspected of conlalnlriO said complex with an 
effective amount of a compound of the formula: 




COCR' 



whsroln is aJkyJ; R* Id hydrogon or alkyl: X Is O, S or N; n Is 1 when X Is O or S arnl 
n is 2 when X is N; and m is 1 oir 2. 

e. Tha method of Claim 7 wherein X l« O. 

9. Tho method of Claim 7 wherein ssdd compound ia melhoxybenzolc add. 

1 0. The method of Claim 7 wh©.'©in sairt compound la o-m«thoxybonzole 
acid. . * ' 

1 1 . In a method for the doterminaSlon of myccphonolic acid In a sample 
suspected of containing mycophenoRc acid, said method comprising (a) providing in an 
assay medium said sample and a biruiine partner for mycophenolic acid and (b) 
detecting the binding of said binding partner to mycophenolic acid, th© Improvement 
cornprfsing including in said assay medium a compound of the forrriuia: 




wherein la aUcyU R* to hydrogen or alkyi: XtoO.SofN;nte1 whan X to O or S and 
n to 2 whan Xte N: and m to 1 or 2; and wherein the amount of said compound to 
sufficient to enharwa the aocuracy of said detomfiination. 
12. Tha method of Ctalm 1 1 wherein X to O. 
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1 3. The method of Claim 1 1 wherein compound 1^ m UK>xybenzoic add. 

14. Thd m ihod of Ciaim 1 1 wherein said compound l9 o-m ihoxybenzoic 

acid. 

15. The method of Claim 1 1 wherein sa!d binding partner id an antibody. 

S 16. The method of Claim 1 1 wherein step (a) furthu^r conriprise^ contacting 

eaid eample wStti a labeled ancJog of mycophenolic add. 

17. The method of Claim 1 1 v4)erein said binding partner is bound to a 
support or capable of being bound to a support 

16. In a meU^od for measurir^ the amount of mycophencllc acid In a sample 
10 suspects of containing mycophonoltc acid and endogenous proteins that bind to aakS 

mycophonofSc acid, said method comprising (a) combining in an aqueous medium: 

(0 said sample 

(il) mycophenciio add conjugated to a detectable label, and 
(in) an antibody capable of binding to myccphenoHc acid, and 
15 (b) determining the effect of said sample on the activity of said lai>e!, the improvement 
comprising Including !n said medium a compound of the fomnula: 



20 



wherein !s alkyl and Is hydrogen or aBcyl In an amount effective In ratoaslng said 
myccf>henolIo acid from said erv:iiogenoue proteins. 

19. The method of Claim 18 wherein said compound Is methoxybenzolo add. 

20. The metTiod of Claim 18 wherein said detectable label Is en enzyme arni 
said determlnirig ccmprisee mecsurlr^g the activity of said enzyme. 

21. The method of Ciaim 13whk:hfcifthcrcompffeescombMnginsald 
comblri!r)g step substrates for eafd eruyme. 

30 22« TYie method of CSakn 16 whersin said enzyme b eslectod frcti the group 

oor^Ung of gluco3e->3*phoephate dehydrogenase sind sBcaUne phosphatase. 
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23. Th method of Cl»lm 1 8 whorain saki compound b o-metho)cybdazo!c 

acid. 

24. The method of C! Im 18 wher^?!) said antibody Is a mor.ocfon&! antibody. 

25. Th mothod of Claim 18 wherein said antibody Is bound to a support or 
capab'*^ of being bound to a sup) ort. 

2jS. The metriod of Cla^m 18 whereat s&!d SLntibody Is capable of 
distinguishing t>«»tw9en mycophenolic acid and an ester Shereof. 

27* Tno method of Claim 1 3 virhor^in sa^d antIboc^/ Is capable of 
distinguishing betA/een mycophencfjc add and a metahciite of mycophenoBc add. 

28. The method of Ct^m 1 6> which is a homogenijous immunoassay and 
further composes the step of (c) comparing saSd activity to the enzymatic activity 
observed with a sample containing a Icnown amount of said myccphenoHc acid. 

Sg. A kit for conducting an assay for th® determination of an analyte. 3a!d kit 
comprising In packaged comblnatlcri: 

(a) a binding partner for said analyie and 
* (tp) a compound of the fomr>ula: 



whereki is aOcyt; is hydrogen or alkyl; Xi^iO. SorN:nis1 v^hen X is O or S and 
n is 2 when X Is N; and m ie 1 or 2. 

30. The kit of Claim 29 whidi furthek* comprises a compound comprising said 
anaJyte lx>urKi to a detectable tabeL 

31. The kit of Claim 29 wherein said compound ie methoxybenzolc ackl 

32. The kit of Clabn 29 wherein said blndfrig partner Is an ant&>ody. 

33. A kit for oorKJuotirK^ assay for the detenrnfrtatSon of rnycopher)c&: ackt, 
sakl kit comprise in packaged combination: 

(a) an antttx^ capabte of birnfing to m^cophenoRc add» 
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(b) a cofnpound comprising mycophenotic acid bound to a dsloctabi label, and 

(c) a compound c? th formula: 



herein Is alkyi; Is hydrogen oratkyi; X (sO, S orN; n is 1 v^hen X isO orS and 
n is 2 when X is N; and m Is 1 or 2, 

34. The kll of Claim 33 *vhereln said cojrfipcund is mothoxyberuolc ackl. 

35. The kit of Claim 33 wherein saM compound Is o-methoxybenzolc acid, 

36. The kit of C!aim 33 where!n sakJ antibody Is a monoclonal antibody. 

37. The method of Claim 33 wherein said antibody is bound to a support or 
capable of being bound to a support 

38. * The method of Claim 33 wherein said aniIt>ody Is capable of 
distinguishing between mycophenofte ackl and an ester thereof. 

39. The method oi Claim 33 wherein said antibody Is capable of 
distinguishing between mycophenollc acid and a metabolite of mycophenoGc ackJ. 
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ClaimB 



A nucleic acid molecule encoding a protein which is 
present in plant cells in starch granule -bound form as 
well as in soluble form, selected from the group 
consisting of: 

(a) nucleic acid molecules encoding a protein with the 
amino acid sequence indicated in Seq ID No. 2; 

(b) nucleic acid molecules comprising the coding region 
of the nuclectide sequence indicated under Seq ID No. 

1; 

(c) nucleic acid molecules hybridizing to the nucleic 
acid molecules mentioned under (a) or (b) ; 

(d) nucleic acid molecules the sequence of which due to 
th« genetic code is degenerated when compared to the 
sequences of the nucleic acid molecules mentioned 

under (a) or (b) ; and 

(e) fragments, derivatives or allelic variants of the 
nucleic acid molecules mentioned under (a) to (d) . 

A vector containing a nucleic acid molecule of claim 1. 

The vector of cl^im 2. wherein the nucleic acid molecule 
is linked to regulatory elements ensuring transcription in 
eukaryotic and prokaryotic cells. 

A host cell, which is genetically modified with a nucleic 
acid molecule of claim 1 or with a vector of claim ? or 3. 

The host cell of claim 4, being a transgenic plant cell. 

A plant containing the plant cells of claim S. 

Starch obtainable from the plant cells of claim 5 or from 
a plant of claim 6 . 

A method for the production of a protein, which is present 
An the plant cells in starch granule-bound form as well as 
In soluble form, in which a host cell of claim 4 is 
cultivated under conditions allowing for the expression of 
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the protein and in which the protein is isolated from the 
cells and/or th culture medium. 

A protein encoded by a nucleic acid molecule of claim 1 or 
obtainable by the ©ethod of claim 8. 

An antibody specifically recognizing the protein of claim 
9. 

A nucleic acid molecule with a length of at least 15 
nucleotides which specifically hybridizes to a nucleic 
acid molecule of claim 1. 

A DNA molecule encoding an antisease-RNA compleuientar>' to 
the traniicripts of a DNA molecule according to claim 1. 

A DKA molecule encoding an RNA with ribozyme activity 
which specifically cleaves transcripts of a DMA molecule 
of claim 1. 

A DNA molecule encoding an RNA which upon expression in a 
plant cell leade to a reduction of the expression of a 
nucleic acid molecule of claim 1, due to a cosuppression 
effect. 

A vector containing a DNA molecule of any one of claims 12 
to 14. 

The vector of claim 15. wherein the DNA molecule is 
combined with regulatory DMA elements ensuring 
transcription in plant cells. 

A host cell containing a DNA molecule of any one of claims 
12 to 14 or a vector of claim 15 or 16. 

A transgenic plant cell containing a DNA molecule of any 
one o£ claims 12 to 14 in combination with regulatory DNA 
elenents ensuring transcription in plant cells. 
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19. The transgenic plant cell of claim 18, in which the 
activity of at least on further enzyme involved in th 
starch biosynthesis or modification is reduced when 
compared to non- transformed plants. 

20. The transgenic plant cell of claim 19 in which the 
activity of a branching enzyme is reduced. 

21. The transgenic plant cell of claim 20 in which the 
activity of a starch granule-bound starch synthase of the 
iflotypc I (GBSS I) is reduced. 

22. A trzms^enic plant obtainable by regenerating a plant cell 
of any one of clairas 18 to 21. 

23. Starch obtainable from plant cells of any one of claims 18 
to 21 or from plants of claim 22. 

24. An RKA ir.olecule obtainable by transcription of a DNA 
molecule of any one of claims 12 to 14 . 

25. A method for the production of transgenic plant cells 
synthesizing a modified starch characterized in that the 
amount of proteins of claim 10, which are synthesized in 
the cells in endogenous form, is reduced in the cells. 

26. The method of claim 25 characterized in that the reduction 
of the amount of proteins of claim 10 in the cells is 
caused by an amtisense effect. 

27. The method of claim 25 characterized in that the reduction 
of the amount of proteins of claim 10 in the cells is 
cauned by a ribozyme effect. 

23. The method of claim 25 chairacterized in that the reduction 
of the amovint of proteins of claim 10 in the cells is 
caused by a coaupression effect. 
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29. The nu»thod of any one of claims 25 to 28, wherein the 
enzyme activity of at leaflt one further enzynie involved in 
the starch biosynthesis and/or modification is reduced. 

30. The method of claim 29 wherein the enzyme is a branching 
enzyme. 

31. The method of claim 29 wherein the enzynie is a starch 
granule-bound starch synthase of the isotype I (GBSSI) . 

32. A plant cell obtainable by a method of any one of claims 
25 to 31. 

33. A transgenic pl^mt obtainat^le by regenerating the plant 
cells of claim 32. 

34. Starch obtainable f rom plant cells of claim 3^ or a plant 
of claim 33. 

35. The starch of claim 34 characterized in that it is derived 
from potato. 

36. Propagation material of plants of claim 6 containing plant 
cells of claim 5. 

37. The propagation material of plants of claim 22 or 32, 
containing plant cells of any one of claims 18 tu 21 or of 
claim 32. 

38. The transgenic plant of claim 22 or 33 which is a potato 
plant. 

39. Tub«r of a potato plane of claim 38. 

40. Th«s tuber of claim 39 which in comparison to tubers of 
wildtype plant A exhibits a reduced cold sweetening. 
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